Northern Illinois University

Huskie Commons
Graduate Research Theses & Dissertations

Graduate Research & Artistry

2016

Type 2 diabetes management among homebound older adults
Laura Lawler

Follow this and additional works at: https://huskiecommons.lib.niu.edu/allgraduate-thesesdissertations

Recommended Citation
Lawler, Laura, "Type 2 diabetes management among homebound older adults" (2016). Graduate Research
Theses & Dissertations. 6538.
https://huskiecommons.lib.niu.edu/allgraduate-thesesdissertations/6538

This Dissertation/Thesis is brought to you for free and open access by the Graduate Research & Artistry at Huskie
Commons. It has been accepted for inclusion in Graduate Research Theses & Dissertations by an authorized
administrator of Huskie Commons. For more information, please contact jschumacher@niu.edu.

ABSTRACT
TYPE 2 DIABETES MANAGEMENT AMONG HOMEBOUND
OLDER ADULTS
Laura Lawler, MS
School of Health Studies
Northern Illinois University, 2016
Sheila Barrett, Thesis Director
Type 2 diabetes mellitus (T2D) is a disorder in which blood glucose levels are
abnormally elevated due to insulin resistance at the cellular receptor level. Uncontrolled
T2D within the older adult population is defined as blood glucose levels ≥140 mg/dL.
Higher blood glucose levels have been associated with an increased risk of co-morbidities
such as cardiovascular events, hypertension, neuropathy, nephropathy, retinopathy, etc.
Little research has been conducted to assess the practices of T2D management among the
homebound older adult population. The current study considered homebound as
“individuals who require effort or assistance to leave the home and do so infrequently due
to physical and medical limitations.” The purpose of the study was to examine what
methods homebound older adults were using to control their blood glucose, the extent to
which they were able to perform activities of daily living (ADLs) and instrumental
activities of daily living (IADLs), as well as to determine if they were subject to
depression.
A questionnaire was used on 21 homebound older adults residing in DeKalb and
Kane Counties of Illinois to determine primary blood glucose control methods, the extent

to which activities of daily living (ADLs) and instrumental activities of daily living
(IADLs) are performed, and assess the level of depression. Data collection began as soon
as the informed consents were signed over a six-month rolling period to ensure all
eligible participants were reached. The researcher traveled to the consenting participant’s
homes and/or congregate sites to conduct data collection face-to-face. The questionnaire
utilized a modified version of the Stanford Chronic Disease Self-Management
Questionnaire, Katz Questionnaire of ADLs, Lawton IADL Scale, Diabetes SelfManagement Questionnaire and the Geriatric Depression Scale. Participants must have
been 60 years or older with diagnosed T2D and part of Meals-on-Wheels or Salvation
Army Golden Nutrition Dinner program.
Self blood glucose monitoring (SBGM) was the primary reported method of
blood glucose control in this study (n = 9, 42.9%), with average blood glucose of
146.56±49.99 mg/dL. Homebound older adults scored an average of 5.67±0.913 on a
scale of 6.0, which indicates high ability to perform ADLs and an average of 5.95±1.86
on a scale of 8.0, which indicates a moderate independence in performing these activities.
There was no significant correlation between blood glucose levels and ability to perform
ADLs. There was no relationship between depression scores and blood glucose levels.
Similarly, no significant relationship was found between depression score and ADL or
IADL score.
This study concludes the primary method of blood glucose control among the
homebound older adult population is self-monitoring. Participant average blood glucose
level was 144.5±39.1 mg/dL, which is slightly above the target recommendation of <140

mg/dL. Participants were highly independent in ADLs and moderately independent in
IADLs. No significant relationship was found between ADL score and blood glucose
levels. Similarly, no significant relationship was found between depression and ability to
perform ADLs and/or IADLs.
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CHAPTER ONE
INTRODUCTION

Background and Significance
There has been little research conducted to assess the most utilized practices of Type 2
diabetes mellitus (T2D) management for homebound older adults who participate in
supplemental meal programs such as Meals-on-Wheels (MOW) or Salvation Army Golden
Dinner Nutrition (SAGDN). Coulston, Craig, and Voss (1996) surveyed MOW applicants aged
60-90 years old and found that 74% of the participants were considered at risk for poor
nutritional status.1 Nutrition and wellness are growing topics of interest among the older adult
population, specifically management of chronic illnesses such as diabetes, cardiovascular
disease, and stroke. Of the 29.1 million individuals reported to have diabetes in the United
States, 11.2 million of those individuals are aged 65 and older.2 Over $245 billion was spent on
diabetes-related healthcare costs in 2012, with the average diagnosed diabetic costing 2.3 times
more than an individual without diabetes.2,3 Among the United States population, the highest
prevalence of diabetes is among the American Indians/Alaska Natives (15.9%), Non-Hispanic
Blacks (13.2%), and Hispanic (12.8%) populations. Type 2 diabetes (T2D) accounts for 90-95%
of all diagnosed diabetes cases based on risk factors such as family history of diabetes, impaired
glucose metabolism, physical inactivity and race/ethnicity.2 About 60% of adults older than 60
years of age present with abnormal glucose control. This may be due to the current lifestyle
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modification recommendations which focus on young and middle-aged individuals and may not
be suitable for older adults.4
T2D is a metabolic disorder characterized by hyperglycemia (elevated blood glucose
levels) and altered carbohydrate and lipid metabolism.5 The islet beta-cells of the pancreas are
able to produce insulin but the receptive tissues are insulin resistant.5,6 The pancreas secretes the
anabolic hormone insulin as a means of control during the metabolism of carbohydrates,
proteins, and lipids. Insulin promotes the uptake of glucose into liver, muscle, and adipose cells
in a post-absorptive state. Over time, the pancreas may overcompensate insulin production and
the beta-cells lose their ability to produce insulin, thus promoting insulin resistance and relativeinsulin deficiency. A deficiency of insulin production can result in hyperglycemia, high fasting
blood glucose (>126 mg/dL), during an oral glucose tolerance test (OGTT).6
Type 2 diabetics are at an increased risk for cardiovascular disease due to dyslipidemia
(abnormal blood lipid levels), hypertension, and obesity (BMI >30 kg/m2).6,7 These individuals
often have elevated serum low-density lipoproteins (LDL) and triglycerides (TG) levels while
having reduced high-density lipoprotein (HDL) serum concentrations. Very low-density
lipoproteins (VLDL) are used within the endogenous circulation of the body to transport
resynthesized lipids. Lipoproteins are composed of lipids and protein. Low density indicates high
concentration of fat and high density indicates high concentrations of protein. The serum LDL
concentrations typically reflect cholesterol abundance in the body because LDL typically
transports cholesterol to body tissues. High LDL concentrations constitute high serum
cholesterol, which is a risk factor for cardiovascular disease. High-density lipoproteins can be
described as a “reserve cholesterol transport.” An important function of HDL is to remove
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cholesterol from cells to prevent accumulation and promote excretion in the bile – reducing the
risk of cardiovascular disease.8
Hypertension is the chronic elevation of blood pressure, defined as a systolic blood
pressure of >140 mm Hg or a diastolic blood pressure of >90 mm Hg, a significant risk factor for
cardiovascular disease.6 Systolic pressure is the ventricle contraction of the heart muscles.
Diastolic pressure refers to the ventricular relaxation when the semilunar values of the heart shut
to prevent backflow into the ventricles, promoting a forward movement of blood to the rest of
the circulatory system.9 Proper management of T2D not only reduces the risk of disease side
effects to increase quality of life but it can also reduce the risk of cardiovascular disease,
diabetes, and hypertension. Lai, Chen, and Chou10 developed a self-reported questionnaire for
4,124 participants aged 65 and older to assess the interaction effects of diabetes and
hypertension. They concluded that the prevalence of diabetes was higher among women but the
prevalence of stroke was higher in men – due to lifestyle factors such as smoking and alcohol
consumption. Also, these researchers found men who reported being overweight, hypertensive,
or having a family history of diabetes had a significantly increased risk for developing diabetes.
Although the etiology of hypertension is unknown, research has found lifestyle factors
such as diet, lack of exercise, smoking, stress and obesity are contributors to disease onset.
Hypertensive individuals are often placed on the Dietary Approaches to Stop Hypertension
(DASH) diet. This dietary intervention promotes a diet intake based on fruits and vegetables,
reduced saturated fat, limited sodium intake to 2.3 grams per day (2,300 mg/d), and increased
physical activity to promote weight loss. Weight loss of greater than 5 kg has been shown to
reduce both diastolic and systolic blood pressures. Increasing physical activity decreases the
relative workload on the heart, which is a benefit for reducing the risk of cardiovascular disease.6
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Obesity is arguably the most important, and modifiable, risk factor of cardiovascular
disease. The CDC considers an individual to be overweight if they have a BMI of 25.0-29.9
kg/m2 or obese if a BMI is greater than or equal to 30.0 kg/m2. According to the 2011-2012
NHANES survey of 9,120 individuals, the prevalence of obesity in the United States was 34.9%
in adults. The study also concluded that 71.6% of participants – men and women – aged 60 years
and older reported to being overweight or obese. Obesity-related conditions – including Type 2
diabetes – continue to be the leading cause of preventable death.11
Although, weight loss is recommended for individuals with a BMI >25.0 kg/m2, there are
controversies related to dietary therapy for long-term weight management. The research is
inconclusive whether a low-fat, high-carbohydrate diet is superior to a low-carbohydrate, highprotein diet in regards to reducing risk factors for cardiovascular disease. When determining
weight loss plans for individuals with T2D, a fine balance of carbohydrates, protein, and fats
should be considered. The recommended approach for diabetic patients is to reduce total energy
intake by 500 – 1,000 kcals/day, which results in about a 26-to 52-pound weight loss after six
months.6 Weight loss can reduce cardiovascular strain and organ inflammation to better control
blood lipid circulation and increase insulin sensitivity.
By 2030, approximately 72.1 million people, almost 20% of the US population, will be
aged 65 and older, with more than a 50% increase in those aged 85 and older due to the aging
“baby boomer” generation and longer life expectancy.12,13 The state of Illinois has a population
of about 12.8 million people with 2.3 (17.7%) aged 60 years and older. By the year 2030, the US
Census Bureau estimates that 22.3% of Illinois’s population will be 60 years and older. Older
Americans who experience frequent mental distress such as depression and/or anxiety are 1.5
times more likely to experience a heart attack, develop diabetes, or have a stroke. Of those aged
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65 and older in the state of Illinois, 30% of those who reported frequent mental distress
developed diabetes as compared to 18% who reported some or no mental distress.14 In 2012,
individuals aged 65 and over accounted for about 70% of long-term services and support (LTSS)
and those aged 85 and over are four times more likely to need LTSS. The Centers for Medicare
and Medicaid Services (CMS) National Health Expenditures totals the national spending on
LTSS at about $310 billion – with Medicare accounting for about 51% of the total
expenditures.15
According to the Centers for Disease Control (CDC), 2013 DeKalb County had 6,341
cases of diagnosed diabetes, 509 being newly diagnosed. In 2013, Kane County had 28,079
diagnosed cases of diabetes. While we know of the numbers of newly diagnosed cases and
existing ones, research is lacking on the numbers who are homebound and do not have access to
services offered to other diabetics. The current study aimed to determine the most common
management practices of T2D among older adult homebound diabetics in DeKalb and Kane
Counties. Due to medical and physical ailments of older adults, many have impaired
functionality causing them to be homebound and unable to access routine medical care.12 In the
literature, the definition of a homebound individual is separated into four classifications.
Medicare identifies an individual as homebound if leaving the home requires excessive effort or
assistance and if this limitation is due to an illness or injury and typically only leaves for reasons
of medical care. Research classifies homebound based on self-reported degrees of confinement,
frequency of home departure, and minimum duration of home confinement. Some studies define
homebound as individuals who receive homecare services. Lastly private, community-based
health and human service providers tend to serve older adult homebound individuals who have a
significant and permanent impairment in function.13 The current study considered homebound as
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individuals who require effort or assistance to leave the home and do so infrequently due to
physical and medical limitations.
Management of T2D includes use of medication, physical activity, and nutrition therapy.
The typical diet for an individual with diagnosed T2D consists of no more than 20% of calories
from protein and 25-30% of total calories from fat.6 Many people with diagnosed diabetes only
receive about two hours of formal diabetes education during their hospital visit, which leaves
them overwhelmed with diabetes-related care on their own.8 Typically older adults with T2D
display high levels of cognitive impairment, specifically in learning and memory. Qui et al.
studied the patterns of cognitive deficits and activities of daily living (ADLs) among 301
homebound participants with diabetes aged 60 years and older. Those with diagnosed diabetes
showed poorer performance on ADLs due to the association with deficits in cognition and
executive functioning; however, up to 17% of homebound individuals have undiagnosed
cognitive impairments.15,16 The program “House Calls for Seniors” used mental examinations to
assess ADLs among the homebound aged 65 and older in Marion County, Indiana. Their studies
found that 73% of the participants had one or more ADL impairment.17 These cognitive declines
may act as a contributing factor to the loss of ability to live independently.16 In another study on
symptom burden of diseases among homebound individuals aged 18 years and older, Wajnberg
et al. found similar results, as 91% of their 318 participants required assistance with one or more
ADL. The study showed that symptom burden in the chronically ill homebound individuals was
similar in severity to that of individuals in hospice or hospitalization.12 Although their study
population was not specifically homebound older adult diabetics, the results are significant in
that even younger homebound individuals have decreased ADL function.

7
Many of the older adults who are homebound live alone and do not have assistance with
activities of daily living. In a cross-sectional study of 2,572 T2D participants who reported to
having frequent contact with friends and family, Schoitz et al.,18 found fewer psychosocial
problems. Subjects had a more positive assessment of care and self-management behaviors such
as exercise and foot examinations. In contrast, those reporting poor-functioning social networks
were associated with low patient activation, greater emotional distress, negative assessment of
care, less health-promoting eating habits, and less frequent foot examinations. In the Nutrition,
Aging, and Memory in the Elderly (NAME) study of 976 subjects with an average age of 75.3
years old, researchers found that the depressed older adults who were homebound had
significantly higher consumption of high-glycemic foods and higher levels of fasting insulin than
those without depression.19 Poor social support is also a predictor of fewer adherences to
prescribed therapies of medication, nutrition, and physical activity.18 The homebound population
has high disease and symptom burden, substantial functional limitations, and higher mortality
than the non-homebound population. Also, the homebound population uses healthcare services at
higher rates than the non-homebound population. Homebound individuals are associated with
markers of greater socioeconomic vulnerability: elderly, low income, and higher prevalence of
hospitalization due to social, psychological, and/or environmental phenomena.20
In 1972, Congress implemented a supplemental feeding program, Meals-on-Wheels and
Salvation Army Golden Dinner Nutrition, to nutritionally aid homebound and non-homebound
individuals who are 60 years and older. An estimated 7% of US adults over the age of 65 receive
these home-delivered meals to compensate for the inability to prepare their own meals. Although
Meals-on-Wheels was developed as a supplemental-nutrition feeding program, 74% of the
applicants are considered at nutritional risk.21 With age there is a decrease in metabolism, lean
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body mass, and an increase in sedentary lifestyle resulting in a reduced daily energy
requirement.4 MOW and SAGDN aim to provide at least one-third of the recommended dietary
intake (RDI) for energy, fiber, and calcium while also providing one-half of the RDI for protein,
vitamins, and minerals.22 The Administration on Aging (AoA) of the US Department of Health
and Human Services supports home-delivered meals for approximately 900,000 older adults each
year. Even more are served through congregate sites where older adults can attend a general
location for meal service. Congregate sites provide opportunities for older adults to meet new
people and have social interaction. Some sites provide a source of entertainment – bingo, games,
etc. The objectives of the AoA are to reduce hunger and food insecurity and to promote the
health and well-being of older individuals and delay the development of adverse health
conditions through access to nutrition and other disease-prevention and health-promotion
services.23
Meals-on-Wheels provided 61,045 meals to residents within DeKalb and surrounding
areas in 2014. Today, SAGDN serves more than 700 meals per day to about 4,000 participating
older adults who have been approved by Senior Services Associates, Inc. Both MOW and
SAGDN programs provide meals through home delivery to those who cannot leave the home and
to congregate sites for older adults who can leave the home with assistance. Although, Congress
aimed to help older adults in nutrition requirements, MOW and SAGDN do not cater to specific
therapeutic diets. Therefore, diabetics who receive meals from MOW and SAGDN need
additional help in managing their diets in relation to their health conditions. The optimal method
for glycemic control is targeting blood glucose control throughout the day achieved through the
use of HbA1c values. Hypoglycemic medications are often added to nutrition therapy, physical
activity regiments, stress management, and blood glucose monitoring systems.6 Nutrition
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interventions aim to stimulate weight loss, monitor carbohydrate consumption using the
exchange system or carbohydrate counting, limit protein, and control the amount of total fat
intake – significantly reducing saturated and trans fats. Physical activity improves blood glucose
levels by enhancing muscle blood glucose uptake improving glucose sensitivity.6 Insufficient
management of T2D can cause additional complications of T2D including blindness, end-stage
renal failure, and lower limb amputations.5
Individuals with Type 2 diabetes are often prescribed sulfonylureas, insulin sensitizers,
biguanides, insulin, or a combination of oral medications. Sulfonylureas lower fasting glucose
and postprandial glucose by aiding in insulin release from the pancreas. Insulin sensitizers
increase peripheral insulin sensitivity and decrease hepatic (liver) gluconeogenesis. Biguanides
reduce hepatic glucose production and increase insulin sensitivity at the cellular level. The most
common side effects of T2D medications include nausea, headache, muscle pain, fluid retention
and hypoglycemia due to inadequate carbohydrate control in relation to medication dosage or
missing medication doses.6
Along with many ailments that plague older adults – specifically the homebound – these
individuals are also faced with lack of nutrition education and access to medical management.
Assessing this specific population and how they manage their T2D will serve as a guide for
healthcare providers in developing best intervention practices to improve blood glucose control
in this population group. This study aimed to determine the most prevalent practices of blood
glucose control among the homebound older adults with T2D.

10
Problem Statement
There is a dearth of research on older adult homebound diabetics regarding measures they
use for self-monitoring/management of their T2D. This study aimed to determine the current
primary practices of blood glucose control in order to design future T2D interventions for this
specific population. Access to homebound older adult diabetics was achieved by working with
MOW and SAGDN programs that provide multiple services to these individuals. The researcher
surveyed participants of the MOW and SAGDN programs in DeKalb and Kane Counties in order
to find answers to the following research questions.

Objectives
The objectives of this study are to;
1.

Determine the most common practices among older adult homebound diabetics in
managing T2D.

2.

Identify the level of care needed among older adult homebound diabetics to
perform activities of daily living (ADLs) and instrumental activities of daily
living (IADLs).

3.

Assess the level of depression among the older adult homebound diabetic
population.
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Research Questions
1. What is the most common primary practice of blood glucose control among homebound
older adults living with T2D?
2. What is the relationship between primary blood glucose method and blood glucose level
among homebound older adults with T2D?
3. To what extent are homebound older adult diabetics able to perform ADLs and IADLs?
4. What is the relationship between ADL score and blood glucose level among homebound
older adults with T2D?
5. What is the relationship between the level of depression and blood glucose level of older
adult homebound diabetics?
6. To what extent does depression relate to the ability of older adult homebound diabetics to
perform ADLs and IADLs?

CHAPTER TWO
LITERATURE REVIEW

Overview of T2D
Type 2 diabetes (T2D) is a metabolic, endocrine disorder characterized by hyperglycemia
with altered carbohydrate and lipid metabolism pathways. T2D is an insulin resistance in
peripheral tissues due to the reduction of glucose transporters. In the early stages of T2D,
pancreatic islet beta-cells release adequate insulin yet if blood glucose remains uncontrolled,
insulin sensitivity can occur. Due to insulin insensitivity, there is a reduction in glucose uptake
by target tissues: liver, skeletal muscles, myocardium, and adipose tissue. Over time, the betacells lose the ability to secrete insulin and pancreatic alpha-cells hyper-secrete glucagon, which
promotes hepatic glucose production resulting in hyperglycemia. Controlling carbohydrate
(glucose) consumption and weight loss can reverse islet beta-cell dysfunction by reducing the
burden placed on these cells.24

Blood Glucose Metabolism
The altered carbohydrate metabolism among individuals with T2D results in a lack of
control in glucose absorption or uptake within body cells. As the basic unit of carbohydrate
digestion, glucose is a six-carbon structure with an aldehyde group attached at the C-1 position.
Hydrolytic enzymes, glycosidases, begin polysaccharide carbohydrate digestion in the mouth
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using alpha-amylase to break alpha linkages that form branching points in starch molecules.
The bolus of food is swallowed and enters the stomach where no carbohydrate digestion occurs
until the small intestine. Disaccharides in the microvilli of the intestinal mucosa hydrolyze
disaccharide bonds of maltose, lactose, and sucrose using specific glycosidases for each, thus
producing the monosaccharaides: glucose, galactose, and fructose.8
Glucose is absorbed into the absorptive (enterocyte) mucosal cells of the small intestine
through active transport using the sodium-glucose transporter I (SGLT1) in conjunction with the
sodium/potassium-ATPase (Na+/K+-ATPase) pump. One glucose molecule plus two sodium ions
enter the mucosal cell through the SGLT1 transporter while two sodium ions moves out of the
cell and three potassium ions move into the cell against a concentration gradient using active
transport from energy supplied by ATPase on adenosine triphosphate (ATP). Glucose leaves the
mucosal cell at the basolateral surface and is transported from the enterocyte into circulation
using protein carriers, specifically glucose transporter 2, GLUT2.
There are 12 glucose transporter isoforms with GLUT4 being of most interest in
carbohydrate metabolism as it is the insulin-dependent glucose transporter responsible for
glucose uptake in muscle, heart, brown and white adipocyte cells.8 Brown adipocytes are
thermogenic, meaning they contain a high concentration of mitochondria and are typically
studied for weight loss, whereas white adipocytes are used for lipid storage and can expand,
resulting in weight gain/obesity.25 Glucose homeostasis is maintained through the following
pathways: glycolysis, glycogenesis, glycogenolysis, and gluconeogenesis.
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Glycolysis
In a fed state, carbohydrates are consumed and enter the glycolysis pathway to be
catabolized into energy. Glycolysis is an anaerobic pathway that degrades glucose into two units
of pyruvate, which can be further metabolized in the aerobic Krebs (TCA) cycle for energy
production. The first step of glycolysis converts glucose to glucose-6-phosphate using the
irreversible enzyme glucokinase (in the liver) or hexokinase (in the muscle) in conjunction with
ATP, which is reduced to adenosine diphosphate (ADP). Glucose-6-phosphate is converted to
fructose-6-phosphate using the enzyme phosphoglucose isomerase then frutctose-6-phosphate is
converted to fructose-1,6-biphosphate using another irreversible enzymatic reaction using
phosphofructokinase plus ATP, reduced to ADP. The aldose enzyme, fructose-1,6-biphosphate,
converted to glyceraldehyde-3-phosphate which is then metabolized to 1,3-diphosphoglycerate
using the enzyme glyceraldehyde-3-phosphate dehydrogenase with NAD+, which is reduced to
NADPH. The phosphoglycerate kinase enzyme with ADP is oxidized to ATP and converts 1,3diphosphoglycerate to 3-phosphoglycerate, which is further converted to 2-phosphoglycerate
using the enzyme phosphoglycerate mutase. 2-phosphoglycerate is converted to
phosphoenolpyruvate using enolase. The last irreversible enzyme, pyruvate kinase with ADP,
converts phosoenolpyruvate into pyruvate – the end product of glycolysis. For every one glucose
molecule, two pyruvate molecules are formed that can then enter the Krebs cycle in the
mitochondria for energy production.8
T2D typically causes an elevated amount of fatty acids to be delivered to the liver for
oxidation. This can contribute to increased gluconeogenesis, the metabolic pathway, resulting in
glucose formation from non-carbohydrate carbon sources such as pyruvate, lactate, glycerol, and
glucogenic amino acids.24 Although the body can produce insulin for glucose uptake into the
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cells, the cell receptors are insensitive to insulin and the body perceives itself to be in a
reduced blood glucose state, thus sending hormones to the liver and stimulating
gluconeogenesis.8

Glycogenesis
The other pathway used for glucose homeostasis is glycogenesis. When the absorbed
glucose enters the liver it can follow two pathways: glycolysis for energy production
anaerobically or glycogenesis for storage of glucose in the form of glycogen. The liver is the
major site for glycogen synthesis and storage along with skeletal muscle. While glycogen is
stored in the muscle, the highest concentrated area of glycogen remains in the liver. During
physical exertion, the muscles use glycogen stores while the liver glycogen stores are utilized to
replenish blood glucose during times of fasting.8
As mentioned above, upon entering a cell, glucose is phosphorylated by either
glucokinase or hexokinase to produce glucose-6-phosphate. In both the muscle and liver cells,
glycogen synthesis is stimulated by the presence of glucose-6-phosphate. Using the enzyme
phosphoglucomutase, glucose-6-phosphate is first converted to glucose-1-phosphate. Uridine
triphosphate is added and converted to uridine monophosphate to form uridine-diphosphate
glucose (UDP-glucose). With the addition of a glycogenin primer, UDP-glucose is incorporated
into glycogen using glycogen synthase. After about six glucose molecules are added to the
glycogen chain, the glycogen chain is branched due to the branching enzyme to transfer the
glycogen chain to an alpha-1,6 bond. The glycognesis pathway uses energy from ATP and UTP
for each molecule of glucose added. Since glucokinase is inducible by insulin thus, in T2D
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patients, if the body is not secreting insulin, glucokinase is not induced and liver cells are not
able to uptake and metabolize glucose resulting in hyperglycemia.8

Glycogenolysis
In between meals, when the body is in a fasting state, or whenever blood glucose
concentrations are low, glycogenolysis occurs, which is the release of glucose from glycogen
stores to produce glucose. Glycogenolysis is regulated by hormones that respond to low glucose
availability: glucagon and epinephrine. Glucagon functions antagonistically to insulin to regulate
homeostasis between free glucose and stored glucose (glycogen). Glucagon acts on the liver and
adipose tissue while epinephrine acts on the skeletal muscle and liver. The enzyme that breaks
down glycogen, glycogen phosphorylase, occurs in two forms: phosphorylase a (active
phosphorylated form) or phosphorylase b (inactive dephosphorylated form). The enzyme
phosphorylase b kinase catalyzes the phosphorylation between the two forms to make the active
form, phosphorylase a. Glucagon and epinephrine stimulate phosphorylase b kinase to promote
the active enzyme form through the second messenger, cAMP, using ATP which is reduced to
ADP. Using the active glycogen phosphorylase a enzyme, glucose-1-phosphate units are cleaved
from the glycogen chain at the alpha-1,4 glycosidic bonds. A glucose phosphate isomerase
reaction converts glucose-1-phosphate to glucose-6-phosphate, which can then enter the
glycolysis pathway for energy.8

Gluconeogenesis
During glycolysis, glucose is metabolized to make energy (ATP), whereas gluconeogenesis
is the opposite of glycolysis in that it metabolizes molecules back to glucose. Gluconeogenesis
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occurs in the mitochondria beginning with the conversion of the three-carbon pyruvate to a
four-carbon intermediate oxaloacetate using a biotin and ATP-dependent enzyme, pyruvate
carboxylase. Oxaloacetate cannot directly exit the mitochondrion matrix and must be converted
to malate using malate dehydrogenase to enter the cytosol. Upon entering the cytosol, malate is
reconverted to oxaloacetate using cytopasmic malate dehydrogenase, which is further
metabolized to phosphoenolpyruvate (PEP) using a guanosine triphosphate (GTP) energyrequiring enzyme, phosphoenolpyruvate carboxykinase. PEP is converted to fructose-1,6biphosphate using the same enzymatic cascade as glycolysis in reverse order. Fructose-1,6biphospohate is converted to fructose-6-biphosphate using the enzyme fructose-1,6biphosphotase which cleaves an inorganic phosphate. Fructose-6-biophosphotase is converted to
glucose-6-phosphate using phosphoglucose isomerase. In the final step of gluconeogenesis,
glucose-6-phosphate is finally converted to glucose using glucose-6-phosphotase found only in
the liver and kidney to yield free glucose by cleaving the inorganic phosphate.8 This allows free
glucose to enter into the circulatory system so other body cells can receive glucose for energy
production.

The Role of Insulin in the Body
Insulin is an anabolic hormone that is essential in the cellular absorption of glucose.
Insulin stimulates glycogenesis, triglyceride synthesis, glucose uptake, protein synthesis,
triglyceride storage and glycogenesis. In a fed state, blood glucose levels are elevated and insulin
is released by the beta-cells of the pancreas to stimulate glucose uptake by skeletal muscle and
adipose tissues. Insulin inhibits the effects of glucagon, thus inhibiting catabolic metabolic
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pathways such as glycogenolysis, ketogenesis, gluconeogenesis, protein degradation and
lipolysis. Macronutrients such as lipids and proteins rely on insulin for the breakdown of their
stores while glucose-based energy stores have been depleted to provide substrates for energy
production. The insulin binds to specific cellular membrane receptors of skeletal muscle and
adipose cells to allow GLUT4 transporters to translocate to the plasma membrane and carry
glucose into the cells.8
Insulin enhances the energy of glucose into the adipose cells while also increasing the
uptake of fatty acids in adipocytes by stimulating lipoprotein lipase. Insulin has a lipogenic effect
on adipose tissue and inhibits intracellular lipase, an enzyme used to hydrolyze stored
triglycerides resulting in triglyceride accumulation.8 Thus, insulin promotes triglyceride
synthesis and storage and inhibits lipolysis.
In a fed state, or post-meal consumption period, a non-diabetic individual will control
blood glucose homeostasis through the release of insulin from beta-cells of the pancreas so that
peripheral tissues can take up glucose for oxidation and the liver can, in addition, synthesize
glycogen and/or convert excess glucose to fatty acids. Due to these actions, the blood glucose
levels decrease and insulin secretion is reduced. Type 2 diabetes is a condition caused by an
abnormality in the post-binding sequence of insulin to its receptor; which alters the cell’s normal
response. In skeletal muscle tissues, insulin resistance is a reduction in glucose transporter
(GLUT) activity. The reduction of GLUT activity diminishes the concentrations of transporters
at the cell surface, which reduces the rate of glucose uptake. In adipocytes, the abnormality
occurs pre-translation; the mRNA that codes for GLUT4 is depleted, which reduces the
production of the GLUT4 protein.8

19
The glycemic response to carbohydrates, and ultimately glucose, can be identified
using the glycemic index or glycemic load. The glycemic index classifies dietary carbohydrates
by their ease of absorption and their effect on the elevation of blood glucose concentrations over
a 2-hour period post-consumption. To compare foods, the glycemic index uses white bread as the
standard with a score of 100. A major criticism of the glycemic index is the variation of glycemic
index for similar foods. For example, a baked russet potato has a score of 76.5 while a mashed
potato has a reference value of 87.7. The glycemic index looks at single foods consumed while
the glycemic load evaluates the quantity and quality of the carbohydrate consumed. The
glycemic load equals the glycemic index times the grams of carbohydrate in a serving of food.
The higher the glycemic load, the greater expected elevation in blood glucose. Long-term
consumption of a diet with a high carbohydrate load is associated with an increased risk of T2D
and coronary heart disease.
Individuals with T2D have excess secretion of glucagon, which is a contributing factor to
hyperglycemia, as the body believes it is always in a state of fasting. Due to this confusion, body
tissues do not uptake glucose because the high glucagon concentrations outweigh the insulin
effects. Through gluconeogenesis and glycogenolysis the liver secretes too much glucose while
the skeletal muscle and adipose tissues do not take up enough glucose post-meal. The blood
remains in a hyperglycemic state for long periods of time, causing the pancreas to work overtime
in secreting insulin. This can lead to cellular “burn out” or the inability of the pancreatic betacells to produce and secrete any insulin.8

20
Importance of Blood Glucose Control for Diabetics
Individuals with fasting plasma blood glucose of 100-125 mg/dL are diagnosed with prediabetes while those with a fasting blood glucose of 126 mg/dL are diagnosed with diabetes.
Typically, individuals with T2D have a HgA1c of > 6.5%.6 The HgA1c reflects the average
glycemic control over a 2-to-3-month period and has a strong predictive value for diabetesrelated complications; the higher the HgA1c, the more likely complications will occur.
In general, the main approaches to T2D management and treatment are lifestyle
modifications, self-monitoring of blood glucose, and pharmacological drugs. The American
Diabetes Association (ADA) recommends a patient-centered approach when choosing
pharmacological agents in T2D treatment plans, although Metformin is the preferred initial
pharmaceutical agent in addition to lifestyle counseling.26 Metformin is a biguanide drug and
acts to reduce hepatic glucose production and increase insulin sensitivity in cells. Unlike other
T2D pharmacological agents, Metformin does not induce hypoglycemia, which is a common side
effect of many other T2D pharmacological agents.6

Blood Lipid Metabolism and Relation to Type 2 Diabetes
As carbohydrates make up a large portion of the Western diet, lipids, primarily
triglycerides and cholesterol, have been found to be a second component and a significant factor
contributing to the obesity and prevalence of T2D and cardiovascular disease.
When dietary fats are consumed, digestion begins in the mouth using lingual lipase that is
produced in the salivary glands to hydrolyze short-and medium-chain fatty acids. As the food
bolus moves to the stomach, gastric lipase hydrolyze fatty acids to form 1,2-diacylglycerols as
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products. Most triglyceride digestion occurs in the small intestine where a significant amount
of hydrolysis and absorption occurs. Leaving the stomach in small droplets, the partially
hydrolyzed lipids enter the duodenum of the small intestine where emulsification occurs as
mechanical shearing continues as bile is released from the gallbladder due to the stimulation of
the hormone cholecystokinin (CCK). Bile helps emulsify the fat into micelles.8
Due to stimulation of the small intestine, bicarbonate is released simultaneously with
pancreatic lipase that will hydrolyze 2,3-diacylglycerols to 2-monoacylglycerols which can then
be further hydrolyzed to the unit components of triglycerides: free fatty acids and a glycerol
molecule. Micelles contain these free fatty acids, cholesterol, 2-monoacylglycerols, and
lysolecithin that are incorporated into micelles, which diffuse through the brush border into the
enterocyte. Upon entering the enterocyte, monoacylglycerols and free fatty acids are
resynthesized into triglycerides. Together the resynthesized, endogenous triglycerides and
cholesterol are packaged into a lipoprotein molecule, chylomicron, for lipid transport via
lymphatic circulation. The role of the chylomicron is to deliver dietary lipid to tissues such as
skeletal muscle and adipose tissue.8
Lipoproteins play an intricate role in lipid transport, and serum lipoprotein concentrations
are associated risk factors of cardiovascular disease and diabetes. In contrast to chylomicrons,
lipoproteins transport endogenous lipids, which are lipids that do not come from intestinal
absorption but have been processed by other tissues of the body, specifically the liver. Very lowdensity lipoproteins (VLDL) are high in triglyceride concentration and are produced in the liver.
Throughout transport, VLDLs lose their triglyceride abundance and ultimately end as lowdensity lipoproteins (LDL-C), which are rich in cholesterol and low in protein. The major
function of LDLs is to transport cholesterol to tissues for use in membrane construction or
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conversion to other metabolites such as steroid hormones. When binding to fibroblasts,
hepatocyte, and/or adrenal glands, LDL B-100 receptors must be present for cell internalization
through endocytosis. Once LDL is released into the cell, it moves into the lysosome; which then
hydrolyzes the protein and cholesterol into amino acids, free fatty acids, and free cholesterol.
In contrast, the “reverse transport” of cholesterol is the high-density lipoprotein (HDL).
The main function of the HDL is to remove unesterified cholesterol from cells and other
lipoproteins to return the cholesterol to the liver to be excreted in the bile. HDL cholesterol can
compete with LDL cholesterol receptors. Thus, having a high HDL serum concentration is more
favorable to remove cholesterol from the body, reducing the amount of cholesterol deposits in
the vascular endothelium.8
Insulin has an antilipolytic effect on lipid metabolism. During periods of hyperglycemia,
insulin in released from the pancreas, resulting in glucose transport into adipose tissues, thus
causing lipogenesis or the process of triglyceride storing. When there is an excess amount of
glucose in the blood, the body will begin the fatty acid synthesis (FAS) process, or lipogenesis.
This process occurs in the cytosol and starts with an acetyl CoA molecule. The FAS pathway
relies on acyl carrier proteins (ACP) with a free sulfur group and a condensing enzyme with a
free sulfur group to allow attachment of the acetyl CoA and malonyl CoA molecules. Malonyl
CoA is the committing step of FAS and is irreversible. Together the acetyl CoA, ATP, and HCO3
use an allosteric, biotin-dependent enzyme, acetyl-CoA carboxylase, create malonyl-CoA.
Acetyl CoA carboxylase is regulated by high levels of citrate and insulin. Carbon dioxide (CO2)
is released from the fatty acid synthetase system using beta-ketoactyl-ACP-synthetase.
NADPH(H+) is reduced to NADP+ using beta-ketoacyl-ACP reductase. Water (H2O) is released
from the fatty acid synthetase system using beta-hydorxyacyl-ACP dehydratase. The system

repeats by adding NADPH(H+) so that another maloynyl CoA can be added to elongate the
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fatty acid until palmitic acid, the end product, is formed and saturated.8 This process can explain
why excess calories, especially those of glucose and fat, coupled with uncontrolled diabetes are
at a higher risk for obesity. Weight gain and obesity increase the amount of fat around insulintargeted tissues such as the liver, muscle, and adipose tissues and increase insulin insensitivity
leading to hyperglycemic episodes posing a risk for cessation of insulin secretion due to
pancreatic stress.

Comorbidities of Type 2 Diabetes

Metabolic Syndrome
Metabolic syndrome is a not a disease but rather a syndrome because it is a set of
symptoms that occur together. Metabolic syndrome consists of a cluster of risk factors for
cardiovascular disease (CVD), chronic kidney disease, and Type 2 Diabetes. Not all symptoms
must be present in each person to classify the individual as having the condition. To be clinically
diagnosed with metabolic syndrome, an individual must have three of five symptoms: elevated
waist circumference, elevated triglycerides, reduced high-density lipoprotein cholesterol (HDLC), elevated blood pressure, and elevated fasting blood glucose. Although this classification is
from the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATPIII),
according to the International Diabetes Federation (IDF), waist circumference must be one of the
three risk factors with any other two risk factors.6 An elevated waist circumference in men is
defined as >102 cm and >80 cm in women. Elevated triglyceride concentrations are defined as
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>150 mg/dL or on a drug treatment for elevated triglycerides and reduced HDL-C are
concentrations <40mg/dL for men and <50 mg/dL for women. Systolic blood pressure >130
mmHg, diastolic blood pressure >85 mmHg, or on an antihypertensive drug treatment constitute
elevated blood pressure by definition. Lastly a fasting blood glucose >100 mg/dL constitutes
elevated fasting glucose.8
Insulin resistance may result in hyperinsulinemia, an increase in blood insulin levels, as a
result of the pancreas attempting to release more insulin in an effort to maintain normal blood
glucose levels (<100 mg/dL). The insulin insensitivity reduces the skeletal muscle cells’ ability
to take up glucose from the blood and in adipose tissues; the insulin cannot inhibit free fatty acid
release. Other organs such as the liver and kidneys retain their insulin sensitivity, which causes
stimulation of triacylglycerol (TAG) synthesis due to high blood insulin concentrations. Elevated
TAG blood concentrations increase the synthesis of very low-density lipoproteins (VLDL),
which can lead to nonalcoholic fatty liver disease. High blood insulin stimulates the kidneys to
increase renal sodium retention and reduce uric acid clearance, resulting in elevated uric acid
concentration and hypertension.8
A strong predictor of metabolic syndrome is visceral, or abdominal, fat mass. Akyurek,
Efe, and Kaya27 measured epicardial adipose tissue and its relation to T2D in a cohort study of
90 participants with T2D and 62 non-diabetic participants aged 18-75 years. Epicardial adipose
tissue is located between the myocardium and visceral layer of the pericardium and shares the
same microcirculation with the myocardium. Researchers found those with T2D patients had
significantly higher fasting blood glucose, total cholesterol, triglycerides, and LDL-C as
compared to control group. Using Pearson’s correlation analysis, there was a strong, positive
correlation between epicardial adipose tissue volume, weight, fasting blood glucose, total
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cholesterol, LDL-C, body mass index (BMI), and HgA1c. This may be a result of average
epicardial adipose tissue, which for those with T2D was 172.75 cm3 and 68.94 cm3 for the
control group.27 This study shows that the relationship between obesity and poor lifestyle choices
as evidenced by epicardial adipose tissue diameter is a risk factor for T2D complications’ equal
among all population ages.

Relationship of Type 2 Diabetes with Cardiovascular Disease
Among individuals with diabetes, about 65% of deaths are due to heart disease or stroke.
Those with diabetes have about 2 to 4 times greater risk of having a heart disease-related death
than adults without diabetes.6 The American Diabetes Association has discovered interventions
such as lifestyle changes, control of blood pressure and lipids, and antiplatelet therapy can reduce
the development, progression, and complications associated with T2D.26 Inflammation of the
vascular endothelium due to long-term hyperglycemia can lead to cardiovascular disease and
atherosclerosis. Exposure to high circulating LDL concentrations stimulates the uptake of LDL
by phagocytic cells that become engorged with lipid to form foam cells. These lipid-filled cells
infiltrate the vascular endothelium and allow lipid to accumulate in the lumen of the blood
vessel, resulting in fatty plaque. These fat deposits not only block the blood from entering and
exiting the heart and brain, it can also cause hypertension (elevated blood pressure) among
vascular arteries that may result in a cardiac event or stroke. Many dietary interventions are
designed to improve blood lipid panels by targeting the two major transport lipoproteins, LDL-C
and HDL-C. High-density lipoprotein cholesterol is considered anti-atherogenic and has antiinflammatory and antioxidant properties. Consuming large amounts of foods with high total fat,

26
saturated fats, cholesterol and trans fats has a positive correlation with the risk of
cardiovascular disease due to unfavorable shifts in LDL:HDL ratios. High amounts of fat and
cholesterol in the body are typically associated with obesity and fat deposits on the liver, which
may lead to nonalcoholic fatty liver disease.8 The increased amounts of fat deposits on the liver
can disrupt the body’s ability to maintain blood glucose homeostasis through metabolic pathways
of anabolism and catabolism.
Hypertension is a common comorbidity of T2D and the risk of cardiovascular disease
(CVD) is increased by a factor of two to three for every one incremental increase of systolic
blood pressure along with the risk of a stroke event. The Action to Control Cardiovascular Risk
in Diabetes (ACCORD) trial was specifically aimed to evaluate blood pressure control in 4,733
individuals aged 62.2 years of age and older randomly assigned to an intensive blood pressure
control group and a standard blood pressure control group. The ACCORD trial intervention
targeted a systolic blood pressure of 140 mg Hg or less by the one-year follow-up. The mean
baseline systolic blood pressure was 139.4 mm Hg and the mean baseline diastolic blood
pressure was 76.0 mm Hg. At the one-year follow-up, the mean systolic blood pressure among
the intensive therapy group was 119.3 mm Hg, which was significantly different from the
standard group, 133.5 mm Hg. The lower blood pressure in the intensive therapy group may have
been a result of more anti-hypertensive drug exposure. Although, there was a significant
difference in systolic blood pressure reports, intensive anti-hypertensive therapy in the ACCORD
blood pressure trial did not significantly reduce the risk of nonfatal myocardial infarction,
nonfatal stroke, or the rate of death from CVD. There was a 3.3% rate of serious adverse events
in the intensive-therapy group and 1.3% rate of serious events in the standard-treatment group.
This may be due to side effects of anti-hyperglycemic or anti-hypertensive drugs that may cause

hypoglycemia.28 The ACCORD trial used both diabetic and non-diabetic participants, yet the
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results show that medical management alone for hypertension, in both populations, may not be
the best treatment plan. Instead, multiple methods of treatment should be addressed: diet
modifications, social interaction, and physical activity.
T2D and hypertension are major risk factors of stroke. Lai, Chen, and Chou10 measured
4,124 participates aged 65 and older using self-reported questionnaires on diabetes, hypertension,
cardiovascular disease and stroke to determine the interaction effects of diabetes and
hypertension on stoke prevalence. Although the study’s population was not specific to T2D
patients, their population of individuals 65 and older still found the interaction of diabetes and
hypertension on stroke was statistically significant in women while the interaction of parental
diabetes and being overweight was only statistically significant in men.10 The association
between diabetes and hypertension is significant because reducing blood pressure as part of a
lifestyle modification can reduce the severity of the diabetes diagnosis. The increase of physical
activity can reduce hypertension through weight loss, which can improve an individual’s BMI
classification. The ACCORD blood pressure trial and Lai, Chen, and Chou demonstrate that all
individuals show an interaction between T2D and hypertension on the risk of a cardiovascularrelated disease event and/or stroke. In an attempt to examine CVD risk factor burden onset
among diabetic individuals using data from the Framingham study, researchers found that
individuals with newly diagnosed diabetes have an increased burden of CVD risk factors at the
time of diagnosis. Similarly, the overall prevalence of treatment for both elevated blood pressure
and lipids was low at the T2D diagnosis. Yet CVD risk factors do not begin at the time of
clinical diabetes diagnosis but rather progress with the diabetes course throughout time, up to 30
years before diabetes diagnosis.29
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Other Comorbidities of Type 2 Diabetes

Neuropathology/Nephropathy
Peripheral arterial disease (PAD) is a term that includes diseases of the veins, typically in
the pelvis and legs. The strongest risk factor for PAD is diabetes and together they are the
leading causes of non-traumatic amputations in the United States.6 Diabetes-related foot disease
remains one of the main complications of T2D due to peripheral neuropathy, infection, and
peripheral artery disease. More than one million people receive amputation of the lower limb per
year with 85% of cases resulting in a foot ulcer.30 In the Framingham Offspring Study,
researchers found that hypercholesterolemia, HDL-C, triglycerides, diabetes, and hypertension
were all significant risk factors for PAD. Those aged 65 and older had a PAD prevalence of
13.4%, which increased to 25.5% when in conjunction with hypertension.31 Similar to the
Framingham Offspring Study, Gu et. al used 78 older adult participants with claudication found
the primary symptom of PAD is intermittent claudication, repeated pain or cramping of the lower
limb when walking. PAD and foot ulcers are independent risk factors for foot amputation.
Researchers also found that the type of treatment differed between amputation rates; at a 5-year
follow-up, those with medical treatment had an amputation-free survival rate of 37.5% while
those treated with revascularization had a survival rate of 71.4%.30

Diabetic Retinopathy
Diabetic retinopathy is a micro-vascular complication and is the leading cause of
blindness in individuals 20-64 years of age.32 Diabetes-related blindness costs the US
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approximately $500 million annually due to ineffective blood glucose and blood pressure
regulation.33 Risk factors for diabetic retinopathy include duration of diabetes diagnosis,
hyperglycemia, hypertension, and dyslipidemia. Hyperglycemia causes micro-vascular damage
of the retina leading to vascular leakage.32 Using NHANES data from 2005-2008, researchers
found an estimated prevalence of diabetic retinopathy and vision-threatening diabetic retinopathy
was 28.5% and 4.4% among US adults with diabetes. Diabetic retinopathy was slightly more
prevalent in T2D men than women, which may be due to males having higher glycated
hemoglobin A1c (HgA1c) levels, longer duration of diabetes, and higher systolic blood
pressure.33

Chronic Kidney Disease
Chronic kidney disease (CKD) is most common among adults older than 70 years of age
and typically those with diabetes and/or hypertension are at increased risk. Hyperglycemia can
thicken the blood, reducing and straining the ability of the kidneys to filter the blood. For
individuals with diagnosed CKD, blood sugar and blood pressure regulation is important to
reduce the risk of developing end-stage renal failure when the kidneys can no longer remove
waste products from the blood. Side effects of CKD can be edema or fluid retention that causes
swelling in the extremities and/or in the lungs, hyperkalemia, and elevated blood potassium
concentrations, which can cause heart arrhythmias and/or even death and damage to the nervous
system.34
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Hyperglycemic Hyperosmolar Syndrome
A major risk among older adults with T2D is hyperglycemic hyperosmolar syndrome
(HHS). This syndrome is often characterized by blood glucose levels >600 mg/dL, serum
osmolality >320 mOsm/kg of water, and the absence of ketoacidosis. HHS is often caused by
dehydration due to inadequate fluid intake and/or prolonged hyperglycemia. Symptoms include
weight loss, polyphagia (excessive hunger), polyuria (excessive urination) and polydipsia
(increased thirst). The mortality rate for HHS is 15% and can result in hospitalization if not
controlled or if the individual does not hydrate.6

Summary and Relevance of Literature Review
According to the 2014 National Diabetes Statistics Report, approximately 29.1 million
individuals reported having diabetes in the United States. Of those with diagnosed diabetes, 11.2
million are aged 65 and older.2 Among the United States population, the highest prevalence of
diabetes is among the American Indians/Alaska Natives (15.9%), non-Hispanic Blacks (13.2%),
and Hispanic (12.8%) populations. Type 2 diabetes (T2D) accounts for 90-95% of all diagnosed
diabetes cases due to risk factors such as family history of diabetes, impaired glucose
metabolism, physical inactivity and race/ethnicity.2 About 60% of adults older than 60 years of
age present with abnormal glucose control. This may be due to the current lifestyle modification
recommendations which focus on young and middle-aged individuals and may not be suitable
for older adults.4
Typically older individuals with T2D display high levels of cognitive impairment,
specifically in learning and memory. Qiu et al. studied the patterns of cognitive deficits and
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activities of daily living (ADLs) among 301 homebound participants with diabetes aged 60
years and older. Those with diagnosed diabetes showed poorer performance on ADLs due to the
association with deficits in cognition and executive functioning. Additionally, up to 17% of
homebound individuals have undiagnosed cognitive impairments.13,16 These cognitive declines
may act as a contributing factor to the loss of ability to live independently.16 The homebound
population has high disease and symptom burden, substantial functional limitations, and higher
mortality than the non-homebound population.20 Lack of proper blood glucose or blood pressure
control increases the risk of diabetes-related complications: cardiovascular disease, diabetic
retinopathy, amputation, chronic kidney disease and/or hospitalization. The reduction of ADL
abilities within the homebound population increases the risk of these complications due to lack
of ability to provide self-care and adhere to a diabetic treatment plan.
Data from the 2011 National Health and Aging Trends Study suggests the homebound
population uses healthcare services at higher rates than the non-homebound population.
Researchers found homebound individuals are associated with markers of greater socioeconomic
vulnerability: lower income and higher prevalence of hospitalization due to social,
psychological, and/or environmental phenomena. Of the sample population 5.6% were
completely homebound, 3.3% were semi-homebound, and 11.7% required help or had difficulty
leaving the home.20 Wajnberg et al.12 found similar results as 91% of their 318 participants
required assistance with one or more ADLs. The study showed that symptom burden in the
chronically ill homebound individuals was similar in severity to that of individuals in hospice or
hospitalization. Using the Edmonton Symptom Assessment Scale, they also found the most
commonly reported symptoms were loss of appetite, lack of well-being, tiredness and pain.12
Although, their study population was not specifically homebound older adult diabetics, the
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results are significant in that even younger homebound individuals have decreased ADL
function. This study also shows that individuals who are incapable of completing ADLs on their
own rely on medical services such as Medicare for help or do not continue with plans of self-care
management.
According to the American Diabetes Association’s (ADA) Standards of Care there are
two techniques for health providers and patients to assess the effectiveness of the diabetes
management plan of glycemic control: patient self-monitoring of blood glucose and HgA1c. The
ADA recommends individuals self-monitor their blood glucose and receive on-going instruction
and regular evaluation of their self-monitoring technique and blood glucose results. Due to their
inability to leave the home (leaving the home requiring extra assistance), some homebound older
adults with T2D do not have regular access to medical care. Thus, they are unable to see
healthcare providers for routine evaluations of self-monitoring and HgA1c testing. The ADA
found that individuals with diagnosed Type 1 diabetes (T1D) who tested their blood glucose at
least five times per day had significantly lower HgA1c levels and reduced complications with
diabetes.26 This same idea can be transferred to individuals with T2D; those who more frequently
monitor their blood glucose levels are less likely to have large fluctuations in their blood glucose
concentrations and are less likely to have bouts of hyperglycemia that put them at higher risk for
diabetes-related complications.
The National Diabetes Education Program (NDEP) was developed in 1997 to improve
diabetes management and to reduce the morbidity and mortality from diabetes and its
complications. The goals of NDEP are to promote early diagnosis, prevent or delay the onset of
T2D, and improve diabetes management and outcomes. Based on results from the NDEP
National Diabetes Survey (NNDS), which is a periodic national survey for additional diabetes-
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related information not provided from existing health surveys, there is a high level of
awareness that diabetes is a serious disease, yet there has been little behavior change of those
with a perceived level of seriousness. In a 2011 report, NNDS found three areas needing
additional attention in education; understanding diabetes self-management, understanding the
link between diabetes and cardiovascular disease, and perceptions of healthcare provider
counseling. Diabetes self-management education has proven to be one of the most effective
strategies for managing diabetes; however, only 49% of people with diabetes attend diabetes
self-management education classes or receive counseling.35
The typical diabetes self-care model requires that patients’ knowledge, skills,
motivations, mood and behaviors remain intact, yet the aging process affects cognition and
physical abilities. Components of diabetes self-care management include medication, diet,
exercise, blood glucose monitoring, and vascular risk. Cognitive impairment can interfere with a
patient’s ability to manage and adhere to diabetes self-care, which can lead to micro-and macrovascular complications due to lack of control of blood glucose. In a cross-sectional,
observational survey of 1,398 T2D participants aged 60 years and older, 63% were on oral
diabetes medications, 24.3% were on insulin therapy, and 12.7% were on no medications. Of the
participants, 71.8% had no limitations of ADLs. The participants of this study were not
homebound, yet even in non-homebound individuals, as diabetic comorbidities worsened,
participant’s ability to self-manage their diabetes decreased. Similarly, as cognitive impairment
worsened, so did self-management of diabetes.36
Many homebound older adults live alone and do not have assistance with ADLs. Schoitz
et al.18 conducted a cross-sectional study of 2,572 T2D participants who reported having frequent
contact with friends and family and found fewer psychosocial problems. Subjects had a more
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positive assessment of care and self-management behaviors such as, exercise and foot
examinations. In contrast, those reporting poor-functioning social networks were associated with
low patient activation, greater emotional distress, negative assessment of care, less healthpromoting eating habits, and less frequent foot examinations.18 Together, cognitive impairment
and lack of social support may result in poor self-care activities to manage blood glucose. Better
T2D control practices can begin with social support to encourage the elder individual to check
their blood glucose and practice other self-care techniques such as foot examinations. By doing
so, homebound older adults with T2D may have fewer visits to the hospital or have medical
complications from uncontrolled diabetes.
Reduced social interaction along with a decrease in cognitive and physical abilities may
have an impact on depression rates among older adult populations. Paulo et al.37 measured
depression, physical activity, and cognitive deficits in a population sample of 622 older adults.
Using the International Physical Activity Questionnaire, Geriatric Depression Scale, and MiniMental State Examination, researchers found a prevalence of low physical activity, depression,
and cognitive deficits to be 35.7%, 37.4% and 16.7% respectively. The results indicate that
physical inactivity was associated with depression and also with depression and cognitive
deficits combined. Comparatively, Anderson et al.38 used 42 research studies with 21, 351
subjects to estimate the odds and prevalence of clinically relevant depression in adults with Type
1 or Type 2 diabetes. Researchers estimate that major depression and elevated depression
symptoms were present in 31% of individuals with diabetes, women reporting significantly
higher rates of depression than men with diabetes. The presence of diabetes doubles the odds of
comorbid depression. This study suggests that individuals with depression may have impaired
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functioning and quality of life, reduced adherence to medical treatment and glycemic control,
and an increased risk of diabetes complications.
By 2030, approximately 72.1 million people, almost 20% of the US population, will be
aged 65 and older with more than a 50% increase in those aged 85 and older due to the aging
“baby boomer” generation and longer life expectancy.12,13 Using data from the Medicare Current
Beneficiary Survey from 1997-2005 to determine the relationship between medication adherence
and Medicare spending, researchers found that the higher adherence of medication usage was
strongly associated with lower Medicare spending related to reduced hospitalizations and other
comorbidities. Researchers only examined statins, cholesterol-lowering drugs, and renin
angiotensin-aldosterone system (RAAS) inhibitors, yet they found that even a 10% increase in
statins adherence was associated with a $0.832 lower spending and a $0.285 lower spending in
Medicare costs.39 In 2012, over $245 billion was spent on diabetes-related healthcare cost, with
an average diagnosed diabetic costing 2.3 times more than an individual without diabetes.2,3
Medicare is a federal program that covers some healthcare costs for individuals aged 65
years and older or those who have disabilities. Currently, individuals with Medicare Part B have
access to coverage for diabetes self-management, nutrition counseling, lab testing, glucose
testing supplies and insulin pumps. These individuals may receive diabetes outpatient selfmanagement training with a written order from a doctor or other healthcare provider. Medicare
covers up to 10 hours of diabetes self-management training: coping with diabetes, managing
diabetes, eating healthy, being active, and taking medications, etc. Beneficiaries may receive up
to two hours of follow-up training each year if the training is in a group setting, lasts for at least
30 minutes, is part of a doctor’s order, and is within a calendar year after the year of initial
training.40 However, ten hours of diabetes training post-diagnosis is not sufficient to sustain
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optimal diabetes management. Similarly, due to stipulations of Medicare Part B for continuing
education, those who are homebound may not have access to meet the criteria and so are not able
to have continuing diabetes education.
Yet, the question must be asked, how many people with diabetes have insurance? It has
become a repeated trend among National Health Interview Surveys and Behavioral Risk Factor
Surveillance System data that uninsured individuals with diabetes are less likely to report annual
eye exams, foot exams, HgA1c testing, and blood glucose monitoring. Using the National Health
Interview Survey from 2009, Casagrande and Cowie41 found among all adults with diabetes,
90% have some form of health insurance with 100% of individuals aged 65 and older having
insurance; 14% of those aged 18-64 with diabetes had Medicare coverage as opposed to a private
insurance. The most commonly reported reason of not having insurance was high health
insurance costs, which leaves about two million adults less than 65 years of age with diabetes
having no health insurance coverage, which poses a public health and economic impact.41 It is of
concern that these individuals who are less than 65 years of age and do not have health insurance
may not learn proper management of their diabetes, which may result in exacerbated diabetesrelated complications at earlier stages in life, not just in the elder years. Thus, more diabetic
education is needed both in the provider offices and within the community.
The current study is to assess the primary practices of blood glucose control among the
older adult homebound population because self-monitoring of blood glucose is the primary
treatment of physicians for diabetes care, yet little is known if and how the diabetes care is
continued within the home. In addition to maintaining blood glucose control, research is needed
on the ability of older adult homebound diabetics to perform ADLs, and IADLS. Cognitive
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impairments and depression may also impact self-management of diabetes among this
population.

CHAPTER THREE

METHODS

Study Design
This was a cross-sectional epidemiological study to explore and determine the primary
and secondary measures used by older adult homebound residents of DeKalb and Kane Counties
to manage their Type 2 diabetes (T2D) and assess their ability to perform activities of daily
living (ADLs) and instrumental activities of daily living (IADLs). The study was completed in
collaboration with the Voluntary Action Center’s Meals-on-Wheels (MOW) and Salvation Army
Golden Dinner Nutrition (SAGDN) programs.

Study Population
The study used convenience sampling of homebound individuals, aged 60 years or older
with diagnosed T2D, residing in DeKalb and Kane Counties of Illinois who are participants in
the MOW or SAGDN programs. Subjects with severe cognition problems such as dementia and
Alzheimer’s disease were excluded. Meals-on-Wheels currently serves the older adult residents
in DeKalb County and Salvation Army Golden Dinner Nutrition serves the older adults in Kane
County; all of these areas were considered in the geographical location of the study population.
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Recruitment and Consent
Permission was obtained from the Institutional Review Board of Northern Illinois
University (NIU). Homebound participants were recruited by sending two informed consent
forms with the meals when they were delivered to the older adult, homebound residents through
the Meals-on-Wheels and Salvation Army Golden Dinner Nutrition programs. Subjects were
recruited from among the older adult residents in private homes where meals are delivered. Older
adults who participated in MOW and SAGDN programs and who infrequently were able to leave
with home with extra assistance were recruited through congregate meal sites. The informed
consent form explained the purpose of the study, which was to determine the primary and
secondary measures used by older adult diabetic residents of DeKalb and Kane Counties to
manage their T2D. Residents who agreed to participate signed two informed consent forms, kept
one for their records and returned the other form in the envelope provided to the MOW
volunteer. Reminder fliers were sent to all MOW and SAGDN participants twice. The
consenting residents provided their telephone number on the consent form, allowing the
researcher to contact them. The researcher collected signed consent forms from the MOW and
SAGDN volunteers. Informed consent and survey completion concluded consecutively at each
congregate site. Participants who met the study criteria were assigned a Personal Identification
Number (PIN) known only to the researcher. A drawing for a Visa giftcard was used as an
incentive for all consenting participants.
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Data Collection
After collecting the consent forms, a PIN number was assigned to each participant, and
this same number was assigned to the questionnaire. The researcher collected data via
questionnaire, one questionnaire that consists of a modified version of the Stanford Chronic
Disease Self-Management Questionnaire in addition to an Activities of Daily Living Checklist
and Instrumental Activiites of Daily Living (ADLs and IADLs), Diabetes Self-Management
Questionnaire and the Geriatric Depression Scale, 2012. The questionnaire took approximately
50 minutes to complete. The researcher conducted face-to-face data collection with the
participants of private residents. The researcher read the questionnaire to each participant and
recorded his or her responses with no bias.

Instrument Validity and Reliability

Stanford Chronic Disease Self-Management Questionnaire
This questionnaire provided an all-inclusive data portfolio of a research participant’s
health and self-management of chronic diseases, such as diabetes. The questionnaire used many
aspects of other surveys from which validity and reliability evidence has been obtained and can
be found in the Stanford Disease Self-Management Questionnaire Code Book, 2007. The
questionnaire consisted of six categories: background information, general health, disease
symptoms, confidence about doing things, physical activity and medical care, totaling 23 items.
The General Health category was scored as one item of the circled value; a higher score indicates
poorer health. The Symptoms category was scored as each circled value of each item. The
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overall scale score is a mean of the four items – scores range from 0-5, higher scores
indicating more distress about health. The Confidence category measures self-efficacy. The score
was determined by adding the circled values ranging from 0-;: a higher score indicates higher
self-efficacy. The Physical Activity category was converted to a number of minutes dependent
on the item: “none” is 0, “less than 30 min/week” is 15, “30-60 min/week” is 45, “1-3
hours/week” is 120 and “more than 3 hours/week” is 180. Higher scores indicate more frequent
bouts of physical exercise per week. Each item in the Medical Care category was scored
separately from 0-5. Participants circled the number that best described them; higher scores
indicated better communication with physicians.
The Chronic Disease Self-Management Program (CDSMP) is an evidence-based program
to help participants cope with chronic illnesses and disease-related symptoms to improve patient
quality of life. The CDSMP was used on 687 participants aged 65 years and older from 2010 to
2012, and this population was compared to a middle-aged population of 50-64 years of age to
determine the long-term effectiveness of the evidence-based program. Researchers found small
improved outcomes among the older adult population and suggest the importance of how
examining age and interacting life circumstances in relation to chronic disease self-management
affects. The CDSMP uses the Stanford Disease Self-Management Questionnaire to assess
primary outcomes such as social activity limitations, depression, and communication with
doctors. Secondary outcomes assessed were disease symptomology (e.g., fatigue, pain, sleep
problems).42

42
Diabetes Self-Management Questionnaire
The Diabetes Self-Management Questionnaire (DSMQ) is a 16-item questionnaire to
assess self-care activities associated with blood glucose control. All sixteen items were positively
scaled from 3-0, with 3 representing “applies to me very much”; 2 = “applies to me to a
considerable degree”; 1= “applies to me to some degree” and 0= “does not apply to me.” The
scores for all sixteen items were summed to determine diabetes self-management. The highest
possible score was 48. The questionnaire uses four subscales (glucose management, dietary
control, physical activity, and healthcare) to determine self-care abilities of individuals with
T2D. Schmitt et al.43 evaluated the validity and reliability of data obtained from the DSMQ by
comparing the results of the DSMQ with the Summary of Diabetes Self-Care Activities Measure
(SDSCA) using 261 diabetic patients. Researchers deemed the instrument to provide an efficient
assessment of self-care behaviors related to blood glucose control for both Type 1 and Type 2
diabetics.43

Blood Glucose Control
T2D treatment options include, but are not limited to, medications, medical nutrition
therapy (MNT), exercise, blood glucose monitoring and insulin therapy. Treatment selection
depends on disease severity, degree of hyperglycemia, co-morbidities, patient preference, patient
motivation, patient lipid profile, and patient weight. Specifically, within the older adult
population, physical and cognitive functionality should be taken into consideration when
prescribing medication, adherence to self-monitoring practices, and ability to follow diet
recommendations. Many individuals with diagnosed T2D are prescribed an oral hyperglycemic
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agent, such as Metformin, to slow the disease progression toward diabetic neuropathy,
retinopathy, etc. There are six common oral hyperglycemic agents categories prescribed:
sulfonylureas, meglitinides, biguanides, insulin sensitizers, alpha-glucosidase inhibitors and
combination oral medications. Oral hyperglycemic agents act in three ways: 1. stimulate the
pancreas to release insulin, 2. stimulate cellular uptake of glucose to move from the blood into
the body tissues or cells, and 3. control or regulate the movement of food through the stomach
and intestines. Medication use was assessed in the current study.
MNT goals for individuals with T2D is to achieve and maintain blood glucose control,
establish a lipid profile that reduces macro-vascular complications, and sustain a blood pressure
within normal or close to normal levels. Weight loss is recommended for all diabetic individuals
with a BMI >25 kg/m2. Individuals should aim for 14 g/1000 kcals per day of fiber, monitor
carbohydrate consumption through the Diabetic Exchange or carbohydrate counting, limiting
saturated fat consumption to <7% of total calories and limit cholesterol to < 200 mg/day. Highprotein diets, >20%, are not recommended for T2D individuals due to kidney stress or protein
degradation.
Exercise should be encouraged for older adults with T2D for at least 30 minutes of
moderate-intensity aerobic activity at least five days per week. Exercise may be beneficial to
help maintain physical function, reduce cardiac risk, and improve insulin sensitivity. In older
adults, exercise may enhance quality of life, improve survival, increase balance and strength,
improve body composition, and reduce the risk of falls and depression. The current study asked
participants to assess the type of exercise completed and the exercise duration within the past
week. The study also asked participants about ADLs and IADLs, which may affect their ability
to perform certain forms of exercise depending on their stated cognitive or physical limitations.
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Appropriate blood glucose targets among the older adult population are considered to
be fasting and pre-prandial glucose levels ≤ 140 mg/dL and HgA1C <7.0%. Individualized goals
may be higher or lower depending on age and functional abilities to preserve quality of life and
avoid hypoglycemia and other diabetes-related complications. Hyperglycemia is of concern due
to increased dehydration, impaired vision and cognitions, and increased risk of infection. Blood
glucose monitoring is necessary to achieve recommended glycemic goals and reduce the risk of
diabetic-related co-morbidities.8 Self-monitoring of blood glucose reduces hypoglycemic and
hyperglycemic events. Continuous testing of blood glucose multiple times per day has been
shown to reduce HgA1c values in T1D. The Diabetes Control and Complications Trial was a
prospective randomized-control trial comparing intensive versus standard glycemic control in
T1D. The results showed improved glycemic control is associated with significantly decreased
rates of macro-vascular and neuropathic complications.26
Although not typically associated with T2D, some individuals with T2D use insulin as a
means of blood glucose control. Individuals with T2D who use insulin have significant
hyperglycemia at disease presentation, continue to have hyperglycemia despite maximum dose
of oral agents, and/or have an allergy or serious reaction to oral glycemic control agents. There
are four types of insulin: rapid, short-acting, intermediate and long-acting. Rapid-acting insulin
such as Humalog, Novolog and Apidra are injected prior to meal consumption to supply the
amount of insulin needed for meal digestion. Short-acting insulin agents such as Humulin and
Novolin are administered 30 minutes before a meal as a means of insulin supply for meal
digestion. Intermediate acting insulin’s such as Humulin N and Lente are administered in doses
that cover insulin needs to 12 hours or overnight. Long-acting insulins, UltraLente and Lantus,
are used to cover an entire day as a means of blood glucose control.8
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The current study addressed many methods of blood glucose control such as selfmonitoring, medication, physical activity, insulin use and dietary intervention. Also, the study
asked each participant to state his or her primary method of blood glucose control and state any
secondary methods used. The questionnaire asked participants to state their average blood
glucose levels along with a 3-day blood glucose reading record. The information provided in the
record helped to determine how well older adult diabetics control their blood glucose, if there is
a relationship between methods of blood glucose control, and if they are meeting T2D blood
glucose target levels. Reference or target levels for older adults with diagnosed diabetes is an
HgA1c ≤7.5% and/or a fasting blood glucose of ≤140 mg/dL.44 Responses to glucose control,
medication use (including insulin), and HgA1C levels were obtained from the Stanford Chronic
Disease Self-Management Questionnaire and the DSMQ.

Activities of Daily Living
Activities of daily living and instrumental activities of daily living were assessed using
two questionnaires: the Katz Index of Independence in Activities of Daily Living and the Lawton
Instrumental Activities of Daily Living Scale. The Katz questionnaire was comprised of six
ADLs: bathing, dressing, toileting, transferring, continence and feeding. Participants indicate
whether they are able to complete each activity independently with no supervision or direction or
if they are dependent and need supervision, assistance, or total care. Each ADL associated with
independence receives one point while those associating with dependence receive zero points. A
total questionnaire score of six indicates high level of patient independence, score of four
indicates moderate impairment, and a total score of two or less indicates dependence and severe

functional impairment. Borsson and Asberg46 reported a measure of construct validity among
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100 participants of 0.74 to 0.88 and a concurrent validity as a high correlation of 0.95 between
the Activity Index and the Katz ADL. The Katz has shown good reliability as evidenced by
reliability coefficients ranging from 0.87 to 0.94.45-48
The Lawton Scale of IADLs utilizes eight IADLs: ability to use telephone, shopping,
food preparation, housekeeping, laundry, mode of transportation, responsibility for own
medications and ability to handle finances. Within each of the main IADL headings, subdescriptions are listed with each indicating a level of independence or dependence that is
associated with a number one or zero. A summary score can range from zero (low function,
dependent) to eight (high function, independent). Reliability of scores obtained from the Lawton
IADL Scale was established using two 12-subject interviews with two different interviewers.
The reliability was established at r=0.85. In another study of 180 participants, the validity of
scores obtained from the Lawton IADL was assessed by determining the correlation of the
Lawton IADL with four scales that measured domains of functional status: the Physical
Classification, Mental Status Questionnaire, Behavior and Adjustment rating scales, and the
PSMS. The correlations between the IADL scale and the other measures of functional status
ranged between 0.40 and 0.61.49

Geriatric Depression Scale (GDS)
The Geriatric Depression Scale (GDS) was used to measure depression, specifically
among the older adult population. The GDS was first created by Yesavage et al.50 as a 30-item
questionnaire but was reduced to a short form, 15-item questionnaire in 1986. Of the 15 items on
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the scale, 10 indicate the presence of depression when answered positively while five
questions indicate depression when answered negatively. The Short Form is more user friendly
for the physically ill and mildly to moderately demented patients and is fairly quick to complete,
taking only about 5-7 minutes to complete. The scale was scored in the following manner;
questions 1, 5, 7, 11 and 13 receive one point for a “no” response and questions 2, 3, 4, 6, 8, 9,
10, 12, 14 and 15 receive one point for a “yes” answer. Scores of 0-4 are considered normal, 5-8
indicates mild depression, 9-11 indicates moderate depression, and 12-15 indicates severe
depression. Examples of GDS items include, “Do you get bored often?” “Do you often feel
hopeless?” “Do you feel full of energy?” “Do you prefer to stay at home, rather than going out
and doing new things?” The GDS is a useful instrument to assess the level of depression in older
adults. The test does not assess suicide tendencies but, when compared to diagnostic depression
criteria, the GDS has been found to have a 92% sensitivity and 89% specificity of identifying
depressive symptoms. The test was successful in differentiating depressed older adults from nondepressed older adults with a high correlation of r=0.84.

Procedure
•

Data collection began as soon as the informed consent forms were returned from the private
residences or onsite for congregate meal sites. This process was staggered over a six- month
period to ensure all MOW and SAGDN participants who meet the criteria for the study were
reached. Inclusion criteria was as follows: over 60 years of age, diagnosed with T2D,
currently participating in MOW or SAGDN, sufficiently cognitive to respond to the
questionnaires and gave informed consent.
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•

Each questionnaire was assigned a PIN; questionnaires were verbally given to consenting
particpants by the researcher in their home or in a designated private room at a congregate
site. Upon completion, the researcher entered questionnaire data into an electronic
spreadsheet for data analysis.

•

Rolling submission was used to collect questionnaires over a six-month period so that all
questionnaires were completed via face-to-face interviews and a wider population was
reached.

•

Reminder fliers were sent to all MOW and SAGNP participants on two occasions.

•

All hard-copy data were kept confidential and stored in locked cabinets at NIU while
electronic data were stored and kept confidential through password-protected files.

•

Questionnaires were entered into the computer software, IBM SPSS Statistical (SPSS) for
further analysis as they were returned.

•

At the study’s conclusion, all consenting participants were placed in a drawing to win a Visa
gift card.

Data Analysis
Statistical analyses was performed using IBM SPSS version 22 for Windows (Released
2012: IBM Corp., Armonk, NY). As summarized in Table 1, Research Question 1: descriptive
statistics were used to determine the most common primary practice of blood glucose control
used by older adult homebound. For Research Question 2: Spearman’s correlation was used to
determine the relationship between method of blood glucose control and blood glucose levels.
Descriptive statistics were used to compare study results to population norms to determine older
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adult homebound diabetics abilities to perform ADLs and IADLs for Research Question 3.
Research Question 4 used a Pearson’s correlation to determine the relationship between older
adult homebound diabetic ADL scores and blood glucose level. A Spearman’s correlation was
used to determine the relationship between individual older adult homebound diabetic’s levels of
depression and levels of blood glucose for Research Question 5. Lastly Research Question 6
used a Pearson’s correlation to determine the relationship between individual older adult
homebound diabetic’s levels of depression and scores for ability to perform ADLs and IADLs.
Descriptive statistics such as means, standard deviations, frequencies and percentages for
demographic characteristics of the population were determined. Statistical significance was set at
the 0.05 level.

Data Monitoring and Safety
Participants who provided informed consent were verbally given a modified version of
the Stanford Disease Self-Management Questionnaire, 2007, in addition to an Activities of Daily
Living Checklist (ADLs and IADLs), Diabetes Self-Management Questionnaire and the
Geriatric Depression Scale, 2012, with the researcher. To ensure confidentiality and protection of
participant information and responses, consenting subjects were given a Personal Identification
Number (PIN) and all data records were stored in password-protected files, both of which are
only known to the researcher. All hard-copy data were kept confidential and stored in locked
cabinets at NIU. Only group data will be used in any publications; no individual data will be
used. The data collected did not affect participant abilities to use Medicare, MOW, SAGDN,
Medicaid, etc.
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Table 1. Data Analysis Procedure
Research Question
1. What is the most common
primary practice of blood
glucose control among older
adult homebound living with
T2D?

Variables

Statistical Test
Descriptive
statistics

Hypothesis
Most common practice
of blood glucose
monitoring will be daily
self-finger pricks.

2. What is the relationship
between primary blood
glucose method and blood
glucose level among older
adult homebound with T2D?

Descriptive
statistics

Older adults who
partake in regular selfmanagement will have
lower blood glucose
levels.

3. To what extent are older
adult homebound diabetics
able to perform ADLs and
IADLs?

Descriptive
statistics in
comparison to
the norms

Older adult with more
cognitive or physical
deficits will be less
likely to complete
ADLs and IADLs
without assistance.

Pearson’s
correlation

Older adult individuals
with T2D who are more
independent in ADLs
are more likely to
control their blood
glucose.

Spearman
correlation

Older adult individuals
who are more depressed
will be less likely to
control their blood
glucose.

Pearson’s
correlation

Older adults who have
higher scores on the
Geriatric Depression
Scale, suggesting
depression, will have
reduced ability to
perform ADLs and
IADLs independently.

4. What is the relationship
between ADL score and
blood glucose level among
older adult homebound with
T2D?

Independent:
ADL score

5. What is the relationship
between the level of
depression and blood glucose
level of older adult
homebound diabetics?

Independent:
Level of
depression

6. To what extent does
depression relate to the
ability of older adult
homebound diabetics to
perform ADLs and IADLs?

Independent:
Level/Score of
depression

Dependent:
Blood glucose
level

Dependent:
Blood glucose
level

Dependent:
Scores for ability
to perform
ADLs and
IADLs

CHAPTER FOUR
RESULTS

Research is lacking on older adult homebound diabetics and what measures they use for
monitoring of their Type 2 diabetes. This study aimed to determine the current primary practice
of blood glucose control in order to design future T2D interventions for this specific population
in DeKalb and Kane Counties of Illinois. Table 2 depicts the 21 study participants aged from 6690 years of age with a mean age of 74.9±6.75. Of the 21 participants, 9 (42.9%) were males and
12 (57.1%) were females, providing a fairly equal representation of the study population across
genders. The participants were predominantly White (n=16, 76.2%), followed by Black (n=5,
23.8%). Due to the older adult population, most of the participants were divorced or widowed
(n=7, 33.3%), followed by single/never married (n=5, 23.8%) and still married (n=2, 9.5%). The
highest level of education received was predominantly an undergraduate degree (n=11, 52.4%),
followed by a high school diploma (n=6, 28.6%), and eighth grade and post-graduate school
(n=2, 9.5%). One participant was bedbound, nine participants were from congregate sites, and 12
lived in their own homes.
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Table 2. Demographic Characteristics of Study Population (N=21)
Variables
Gender
Male
Female
Ethnicity
White
Black
Marital Status
Married
Single
Divorced
Widowed
Education
Primary (8th grade)
High School (9-12th)
Undergraduate (13-16th)
Post-Grad (>17 years)
Age (years old)
66-76
77-90

n (%)

Mean±SD

9 (42.9)
12 (57.1)

N/A

16 (76.2)
5 (23.8)

N/A

2 (9.5)
5 (23.8)
7 (33.3)
7 (33.3)

N/A

2 (9.5)
6 (28.6)
11 (52.4)
2 (9.5)

13.65±2.91

12 (57.1)
9 (42.9)

74.9±6.75

A total of 19 different chronic conditions were reported among the 21 study participants.
Some participants reported multiple conditions. Figure 1 depicts rheumatoid and/or osteoarthritis
was the highest reported chronic condition (n=10, 47.6%) of the participants followed by
hypertension (n=9, 42.9%), hyperlipidemia (n=8, 38.1%), retinopathy and cancer (n=7, 33.3%).
The least reported chronic conditions were autoimmune disorders, bronchitis, cardiomyopathy,
congestive heart failure, post-traumatic stress disorder and short bowel (n=1, 4.8%). Using a
Pearson’s correlation, there was no significant relationship (p=0.944) between average blood
glucose levels and the sum of co-morbidities.
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Figure 1. Breakdown of Chronic Conditions (N=21)

Participants were asked to rate how they perceive their general health. As indicated in
Figure 2, the majority of participants rated their health as “good” (n=9, 42.9%) followed by
“fair” (n=7, 33.3%) with a mean of 3.33±.966. Similarly, when asked about symptom
management pertaining to health within the past two weeks (e.g., “Were you discouraged by
your health problems?” “Was your health a worry in your life?”), the mean score was .967±1.15.
As shown in Table 3, 42.8% of participants reported symptom disruption as “none of the time.”
This suggests the majority of participants considered their diabetes and/or other co-morbidities to
be well managed. Interestingly, there was not a significant correlation between general health
ranking and symptom management scores (r=0.229, p=0.317).
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Figure 2: Perspective on General Health (N=21)

Table 3 also shows participant’s responses in regards to confidence about controlling
health problems and abilities to control health. The mean score of confidence of self-care
abilities was 7.26±1.89 on a scale of 10 (10 indicating full confidence). Of the 21 study
participants, 52% reported having “full confidence” in the self-care abilities and 29% reported
moderate confidence. There was no significant correlation between general health rating and
confidence (r=-0.319, p=0.158) or symptom management and confidence (r=-0.329, p=0.146).
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Table 3. Frequency of Perceived Symptom Disruption and Confidence of Self-Care Abilities

Perceived Symptom
Disruption

Confidence About SelfCare Abilities

Perception
None of the time
A little of the time
Some of the time
A good amount of the time
Most of the time
All of the time

Frequency (%)
9 (42.8)
4 (19.0)
3 (14.2)
4 (19.0)
1 (4.7)
0 (0)

Perception
Not at all Confident
Mildly Confident
Moderately Confident
Totally Confident

Frequency (%)
0 (0)
4 (19.0)
6 (28.6)
11 (52.4)

As indicated in Table 4, there was a significant correlation between general health and
asking the physician questions about information that the participant did not understand or would
like to learn (r=0.472, p=0.031). Incidentally, there was also a significant correlation between
preparing a list of questions and asking the physician those questions (r=0.451, p=0.040). This
may be due to the preparation of the list reduces the anxiety of a physician appointment and the
risk of forgetting questions.
The Diabetes Self-Management Questionnaire (DSMQ) was used to assess self –care
activities associated with blood glucose control among each participant. The total sum of the 16question survey ranged from 10 to 27 with an average of 20.43±3.96. Figure 2 shows the
breakdown of the frequencies of total scores of participants. There are four subcategories of the
DSMQ: glucose management, diet control, healthcare and physical activity. Scores for general
management ranged from 3 to 11 with an average of 7.67±2.67. Diet control scores ranged from
four to nine with an average of 6.33±1.32. Healthcare ranged from two to six with a mean of
3.24±0.768 and physical activity scores ranged from zero to six with a mean of 2.38±1.93.
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Table 4. Correlation Between Physician Communication and Health Management (n=21)
Medical Care Questions
Prepares a list for MD

General Health

Symptom Management

Confidence

r=0.240, p=0.295

r=0.126, p=0.585

r=-0.150, p=0.517

r=0.472, p=0.031*

r=-0116, p=0.671

r=-0.146, p=0.528

r=0.303, p=0.182

r=0.199, p=0.386

r=-0.163, p=0.480

Asks MD questions
Discusses person issues
about illness with MD

Research Question One
Research Question One addressed the primary method of blood glucose control that the
participants used. As shown in Figure 3 the primary method of blood glucose control among the
21 study participants was self blood glucose monitoring (SBGM) followed by medication, diet,
and insulin. Secondary methods of blood glucose control varied with SGBM and physical
activity as number one followed by medication and insulin therapy. Of the reported primary
blood glucose control methods, 9 (42.9%) were self-monitoring, 7 (33.3%) were using
medication, 4 (19.0%) were using diet and 1 (4.8%) was using insulin therapy. Interestingly, four
individuals who reported medication use as their primary method of blood glucose control
actually had blood glucose levels above the 140 mg/dL, which indicates uncontrolled blood
glucose, whereas only three individuals who used medication as their primary method of blood
glucose control were actually in the target range of 140 mg/dL. Chi-square tests were used for all
reported primary methods of blood glucose to determine the relationship of blood glucose level
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of control. No significant differences were found due to the small difference between numbers
of participants in each category with controlled versus uncontrolled blood glucose levels.
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Methods of Blood Glucose Control

Figure 3. Comparison of Primary vs. Secondary Blood Glucose Control Methods (N=21)

Research Question Two
The relationship between primary method of blood glucose control and level of blood
glucose as reported by the participants on the day of data collection reflect the responses for
Research Question Two. Table 5 depicts the frequency, mean, and standard deviation when
comparing primary methods of reported blood glucose control methods to blood glucose levels.
The average blood glucose level among the study population was 144.5±39.1 mg/dL, which is
higher than the target goal of <140 mg/dL for older adults with diagnosed diabetes. Of the
primary blood glucose methods reported, participants utilizing dietary intervention had more
controlled blood glucose levels than those who utilized self-monitoring or medications.
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Table 5. Primary Blood Glucose Method vs. Blood Glucose Levels (N=21)
Variable

n (%)

Self-Monitoring
Medications
Diet
Insulin
Blood Pressure
Physical Activity

9 (42.9)
7 (33.3)
4 (19.0)
1 (4.8)
0 (0)
0 (0)

Mean±SD of
Blood Glucose Level
146.54±.49.97
145.29±31.54
101.00±73.91
150.00±0.00
0
0

Controlled blood glucose was defined as <140 mg/dL, whereas uncontrolled was ≥140
mg/dL. Overall, 11 (52.4%) participants had controlled blood glucose levels while 10 (47.6%)
had uncontrolled blood glucose levels according to this classification. A set of chi-square tests
were used to determine the relationship between each primary method of blood glucose control
and blood glucose level (controlled versus uncontrolled). When comparing SBGM with those
who had controlled versus uncontrolled blood glucose levels, five individuals had controlled
blood glucose compared with four who had uncontrolled blood glucose levels. There was no
significant relationship between SBGM and blood glucose levels (p=0.623). Of the seven
participants utilizing medication as their primary method of blood glucose control, five were
controlled and two were uncontrolled. There was no significant relationship between medication
and blood glucose levels (p=0.324). Of the four participants using diet as their primary method
of blood glucose control, one reported uncontrolled blood glucose levels and three reported
levels within the normal limits. No significant relationship (p=0.586) was found between the use
of dietary management as a primary method of control and blood glucose level. Lastly only one
participant reported using insulin as his or her primary method of blood glucose control and also
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reported uncontrolled blood glucose levels. There was no significant relationship (p=0.476)
between use of insulin as the primary method of blood glucose control and level of blood glucose
(controlled vs. uncontrolled).

Research Question Three
Research Question Three examined to what extent the participants were able to perform
ADLs and IADLs, which was posited to affect their ability to monitor their blood glucose. The
extent to which older adults are able to perform activities of daily living (ADLs) produced strong
results with a mean score of (5.67 ± 0.913). The maximum score on the ADL screen was six,
indicating full independence with bathing, dressing, toileting, transferring from bed/chair,
continence, and eating. In contrast, the average score for instrumental activities of daily living
(IADLs) was 5.95±1.86, suggesting a moderate ability to function independently. The maximum
score for the IADL is eight, indicating highly functioning independence for activities such as
using the telephone, shopping, cooking, housekeeping, laundry, transportation, medications and
financial matters.
As shown in Table 6, all (n=21, 100%) study participants were independent in using the
telephone and eating. Most study participants (n=20, 95.2%) were independent when taking
medications, using the toilet, transferring from a bed to a chair and managing their finances.
Most dependent activities fell in the IADL variables of shopping (n=11, 52.4%), cooking (n=12,
57.1%), and transportation (n=8, 38.1%), which are indicative of the need for participation in a
supplemental meal program.
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Table 6. ADL and IADL Subcategories and Participant Independence (N=21)
ADL Variable
Dressing
Toileting
Transferring
Continence
Eating

Number of
Mean±SD Independent (n (%))
.952±.218 20 (95.2)
.952±.218 20 (95.2)
.952±.218 20 (95.2)
.904±.301 19 (90.5)
1±0
21 (100)

Number of
Dependent (n (%))
1 (4.8)
1 (4.8)
1 (4.8)
2 (9.5)
0 (0)

Bathing

.904±.301

19 (90.5)

2 (9.5)

IADL Variable
Using the telephone
Shopping
Cooking
Housekeeping
Laundry
Transportation
Medication

Mean±SD
1±0
.476±.512
.428±.507
.857±.358
.667±.483
.619±.498
.952±.218

Number of
Independent (n (%))
21 (100)
10 (47.6)
9 (42.9)
18 (85.7)
14 (66.7)
13 (61.9)
20 (95.2)

Number of
Dependent (n (%))
0 (0)
11 (52.4)
12 (57.1)
3 (14.3)
7 (33.3)
8 (38.1)
1 (4.8)
1 (4.8)

Finances

.952±.218

20 (95.2)

Research Question Four
After determining the scores on the ADLs and IADLs, Research Question Four was used
to address the relationship between ADL and IADL scores and blood glucose levels. Although
the average ADL score was 5.67±0.913, there was no significant correlation between the ADL
score and blood glucose control (r =-0.094, p=0.686) using a Pearson’s correlation. Similarly,
there was no significant correlation between the IADL score (5.95±1.86) and blood glucose
levels (r =-0.141, p=0.542). Interestingly, there was a significant correlation between the ADL
and IADL scores (r= 0.492, p=0.024). This suggests that the higher the ADL score, the more
likely an individual is to have a high IADL score as well.
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Research Question Five
The Geriatric Depression Scale was categorized into three categories: a score of 0-5
suggests no depression, >5 suggest depression is present, and a score ≥10 almost always is
indicative of present depression. Eighteen participants scored in the 0-5 category, two
participants were suggestive of depression, and only one individual fell into the category of ≥ 10.
The Spearman’s correlation test showed no significant relationship between the depression score
and blood glucose level (r = 0.213, p=0.354), suggesting that the presence or absence of
depression is not related to an individual’s glucose level. The results suggest that the majority of
the study population may not be depressed.

Research Question Six
Research Question Six examined the relationship between depression scores and one’s
ability to perform ADLs and IADLs. Using a Pearson’s correlation, no significant relationship (r
= -0.147, p=0.524) was found between depression and ADL. Similarly, no significant
relationship was found for depression and IADL (r= 0.016, p= 0.944). The restriction of range
of scores for independence as well as depression may have impacted the lack of significant
findings for this research question.

Summary of Results
It was originally thought that the data collected would suggest that self-monitoring of
blood glucose as the primary method of control would provide significantly more controlled
glucose levels than diet, physical activity, or use of pharmacologic agents. However, the data did

62
not provide a significant relationship between method of blood glucose control and blood
glucose levels, nor with blood glucose levels and ability to perform ADLs and IADLs, nor with
blood glucose levels and depression. Diet therapy provided the most controlled blood glucose
levels than any of the other primary reported methods. No significant relationship was found
between depression and ability to perform ADLs or IADLs, as was expected. The study did find
a significant relationship between asking the questions about health and participant perception of
general health.

CHAPTER FIVE
DISCUSSION

The study examined the primary method of blood glucose control among older adults
with Type 2 Diabetes in DeKalb and Kane Counties, Illinois. The most common primary method
of blood glucose control is self blood glucose monitoring (SBGM) as reported by 42.9% of the
study participants. The average blood glucose level in the 21 participants was 144.5±39.1 mg/dL,
which is slightly above the target goal of <140 mg/dL for preferred diabetes control. This
suggests that by self-monitoring of their blood glucose, these older adult diabetics are keeping
their blood glucose within close range. Although this study did not ask participant the number of
times they were testing their blood glucose levels, the American Diabetes Association (ADA)
found that individuals with diagnosed Type 1 diabetes (T1D) who tested their blood glucose at
least five-times per day had significantly lower HgA1c levels and reduced complications with
diabetes.26 This same concept can be utilized with T2D: those who more frequently monitor their
blood glucose levels are less likely to have large fluctuations in their blood glucose
concentrations and are less likely to have bouts of hyperglycemia that put them at higher risk for
diabetes-related complications.
There is no documented literature on how this particular population was coping with their
diabetes in terms of monitoring blood glucose levels. It was expected that blood glucose levels
would have been significantly higher than what was found in this study. Diabetes self-
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management education has proven to be one of the most effective strategies for managing
their diabetes; however, only 49% of people with diabetes attend diabetes self-management
education classes or receive counseling.35 There was no significant relationship between those
who self-monitored their blood glucose and those who did not. This is because the current study
results indicated that blood glucose levels were only slightly above the target range (144.5±39.1
mg/dL vs. 140 mg/dL). This finding helps to add to the literature on how homebound older
adults are managing their blood glucose.
The Diabetes Control and Complications Trial (DCCT), a prospective randomizedcontrol trial comparing intensive versus standard glycemic control in Type 1 diabetes (T1D),
showed that improved glycemic control is associated with significantly decreased rates of macrovascular and neuropathic complications.26 The current study reported 42.9% (n=9) had
hypertension, 19.0% (n=4) stroke or heart attack, 28.6% (n=6) report neuropathy and 9.5% (n=2)
report nephropathy problems, which may be attributed to the higher average blood glucose levels
of some participants. Of the top three chronic conditions reported, two of them were related to
the metabolic syndrome classification of the National Cholesterol Education Program-Adult
Treatment Panel III (NCEP-ATPIII), hypertension and hyperlipidemia.6 Lai, Chen, and Chou10
found the interaction of diabetes and hypertension on stroke risk was statistically significant in
women, whereas diabetes and obesity was significantly significant in stroke risk for men.
The average activity of daily living (ADL) score suggests the study population was
highly independent compared to their instrumental activities of daily living (IADL) score, which
indicated moderate independence. The current study found no relationship between ADL scores
and blood glucose control among the older adult homebound population. In contrast, Qui et al.16
found those with diagnosed diabetes showed poorer performance on ADLs due to the association
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with deficits in cognition and executive functioning. In that study of 301 participants, up to
17% of homebound individuals had undiagnosed cognitive impairments. Contrastingly, in a
cross-sectional, observational survey of 1,398 T2D participants aged 60 years and older, 63%
were on oral diabetes medications, 24.3% were on insulin therapy, and 12.7% were on no
medications. Of the participants, 71.8% had no limitations of ADLs.36 The results of the current
study may be due to the high independence of the study participants on their ADL scores.
Despite the current findings of moderate independence on the IADL score there was also no
significant relationship between IADL score and blood glucose control. This may be attributed to
the higher independence score on the ADL; however, some participants reported more
difficulties with age-related activities on the IADL. Furthermore, participants’ ability to perform
independently ADLs or IADLs might have contributed to the closely controlled blood glucose
range.
The researcher posited that there would have been high levels of depression among this
population; however, only one of the participants was classified as “indicative of depression.” As
a result, no significant relationship was found between the level of depression and blood glucose
control. Another study (Nutrition, Aging, and Memory in the Elderly [NAME]) of 976
participants found that depressed older homebound adults had significantly higher intake of
simple carbohydrates and elevated levels of fasting insulin than those without depression.19
Similarly, Anderson et al.38 used 42 research studies with 21,351 subjects to estimate the odds
and prevalence of relevant depression in adults with Type 1 or Type 2 diabetes. Researchers
estimated that elevated depression symptoms were present in 31% of individuals with diabetes,
women reporting significantly higher rates than men with diabetes. The current study results may
not have produced a significant relationship between depression and blood glucose levels due to
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a small sample size. Additionally, the participants in the current study maintained their blood
glucose within a narrow range as already explained.
The researcher predicted that there would have been a relationship between depression
and participants’ ability to perform ADLs and IADLs. Unlike expectations, no significant
correlation was found between the level of depression and ADL or IADL score. This may be
attributed to the fact that participants were highly independent on their ADL and moderately
independent on their IADL scores. Schoitz et al.18 found that participants who had frequent
contact with friends and family had fewer psychosocial problems and were more likely to have
better self-management behaviors. This finding can be related to the current study in that this
study included participants from congregate sites, which can provide a greater social support
system thereby increasing adherence to prescribed therapies such as medication, nutrition,
physical activity, etc., to manage individual conditions. By having the ability to perform a wider
variety of therapies, the study population is able to better perform ADLs and IADLs.

Additional Findings
Individuals with uncontrolled diabetes have many known associated co-morbidities such
as hypertension, stoke, neuropathy, macro-vascular complications, chronic kidney disease,
diabetic retinopathy, metabolic syndrome, etc. Among those with diabetes, 65% of deaths are
due to heart disease or stroke and 28.5% of diabetics have diabetes-induced retinopathy. Of the
one million individuals with diabetes-related foot disease, 85% results in an amputation from a
foot ulcer.6,3,30 The current study found the highest reported co-morbidity was rheumatoid or
osteoarthritis followed by hypertension, hyperlipidemia, retinopathy and cancer. Prior to the
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study, the researcher predicted a high degree of cardiovascular diseases, amputations, and
kidney disease among participants. Unlike expectations, there was no significant relationship
found between the number of co-morbidities and blood glucose level. This may be due to the
closely controlled blood glucose levels among study participants. These findings can also be
evidenced by the moderate ability to utilize self-care activities in regards to blood glucose
control using the Diabetes Self-Management Questionnaire (DSMQ).
Blood glucose levels may have been closely controlled due to participants’ perceptions
about their general health. The majority of participants considered their health as “good” or
“fair” and had a moderately high level of confidence in their self-care abilities. Many
participants were able to control their disease symptoms with confidence, aiding their
perceptions of their own general health. The current study found that there was a significant
correlation between perception of general health and preparing a list and asking the physician
questions about individual health. In contrast, Wajnberg et al.12 examined symptom burden of
diseases among homebound individuals aged 18 years and older and found 91% of their 318
participants required assistance with one or more ADLs. The study showed that symptom burden
in the chronically ill homebound individuals was similar in severity to that of individuals in
hospice or hospitalization. The findings of the current study may contradict these findings
because some participants attended congregate sites, had social support, and were able to manage
their disease state using a variety of methods (e.g., dietary interventions, physical activity, etc.).

Strengths and Limitations
The study is one of the first to address a wide range of social and health concerns of older
homebound adults living with Type 2 diabetes. It shows the need for creating diet-specific meals
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for diabetics by programs that serve this population. It spanned two counties, which gave a
wider representation of the findings and provided a snapshot of Type 2 diabetes management
among homebound older adults. The method of data collection was suitable for the homebound
population, which was the target of this study, because the researcher was able to meet with them
in their homes. This study sets the framework for further investigation into the specific methods
of blood glucose control.
The primary limitation is a small sample size (n=21). This limitation can alter effect size,
p-values, confidence intervals and create disproportionate generalization when analyzing
frequency data. The results from the current study cannot be generalized to multiple populations
due to the limited size and little ethnic variation; most participants were of White decent
(76.2%). The inclusion criterion of the current study was too narrow, which contributed to the
small sample size. The researcher targeted Meals-on-Wheels or Salvation Army Golden Dinner
Nutrition Program participants, which limited the numbers of individuals who are homebound
and who are diagnosed with Type 2 diabetes. By removing this criterion, recruiting could have
been completed through other outside sources such as churches, senior living centers, community
centers, etc. MOW and SAGDN programs were used as vehicles to contact a mass amount of
people but should not have been used as an inclusion criterion. Lastly the study design, survey
using questionnaires, might have resulted in self-reported bias.

Conclusion
The primary method of T2D control among older homebound adult diabetics is selfmonitoring of blood glucose with dietary modification and pharmaceutical therapy as secondary
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methods of blood glucose control. Most participants used self-monitoring of blood glucose,
which helped to keep their blood glucose levels within a narrow range of requirements (144.5
±39.1 mg/dl and 140 mg/dL). The majority of the participants reported high independence on the
ADL and moderate independence on their IADL scores. No significant relationship was found
between ability to perform ADL and IADL and blood glucose levels. Depression was not related
to blood glucose control. There was no significant relationship between depression and ability to
perform ADLs and IADLs.

Recommendations
Little education is provided to the homebound older adult population due to Medicare
restrictions on diabetes self-management training. Actual knowledge of diabetes self-care is an
area that should be explored (e.g., symptoms of hypoglycemia, carbohydrate counting,
pharmaceutical actions, etc.). Another area that should be explored in future research studies is a
nutrient analysis of supplemental meal programs. Since these programs do not cater to specific
chronic conditions, assessing the nutrition content of meals may provide greater insight into
future educational interventions regarding diet therapy.
Monitoring nutritional status of individuals would aid in the assessment of diabetes selfcare. For example, individuals could have the same blood glucose levels but one individual
drinks regular soda daily and another eats a sandwich with meat, cheese, and vegetables. The
carbohydrates of the meal may be the same but the nutritional content of the meal is vastly
different. Exploring nutrition can lead to more in-depth questions about primary methods of
control via questionnaire such as, “Do you see a Registered Dietitian?” “How many units of
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insulin do you use per day?” “How many times a day do you check your blood glucose
levels?” etc.
Lastly expanding upon co-morbidities would be a highly beneficial area to explore.
Attaining anthropometric data such as height, weight, blood pressure, waist circumference, etc.,
can provide a greater insight into current diagnosed co-morbidities or potential future diagnoses
of each participant. The primary importance of managing diabetes is to reduce the risk of
developing co-morbidities and their associated complications. Understanding the severity of
individual co-morbidities and risk factors can help researchers address problem areas in diabetes
treatment (e.g., dietary interventions, pharmaceuticals, physical activity, etc.)

Implications of the Study to Dietetics Practice
Diabetes management requires a collaborative approach in self-care, education,
healthcare provider, dietary recommendations, pharmacology, etc. The current study can be used
in regards to nutrition and dietetics practice by providing a better understanding of how older
adults who are homebound manage their diabetes. The study provides primary methods of
control as well as secondary methods. Many of the individuals in this study reported using
dietary modifications as part of their treatment plan. This finding suggests that supplemental
meal programs such as Meals-on-Wheels and Salvation Army Golden Nutrition Program that
provide meals for older adults should have a Registered Dietitian or Nutritionist on staff to help
create meal plans that not only meet the standards set by Congress but also create meals that are
disease specific. There is currently no congressional policy on requiring mandatory provision for
disease-specific meals for populations dependent on these programs. This is a concern for not
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only diabetics but also individuals with other serious ailments such as chronic kidney disease
or pancreatitis where diet management is critical.
The study also provides insight on the ability of homebound older adults to manage blood
glucose levels. Although, the majority of the participants reported self-monitoring as the primary
method of control, blood glucose levels still remained outside of the target level. This may
suggest that more education is needed to better manage blood glucose control. Currently, a
written order from a doctor or other healthcare provider for Medicare users allows them to
receive outpatient diabetes training. However, only 10 hours of training (coping with diabetes,
managing diabetes, eating healthy, being active, and taking medications, etc.) are covered by
Medicare. Beneficiaries may receive up to two hours of follow-up training each year if the
training is in a group setting, lasts for at least 30 minutes, is part of a doctor’s order, and is within
a calendar year after the year of initial training.40 However, 10 hours of diabetes training postdiagnosis is not sufficient to sustain optimal diabetes management. Similarly, due to stipulations
(especially of being part of a small group) of Medicare Part B for continuing education, those
who are homebound may not be able to meet these criteria, and so are not able to have
continuing diabetes education.
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APPENDIX A

QUESTIONNAIRE
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Today’s date: ____________________

PIN number (office use only):__________

Date of birth: _________________________

Background
1. Sex (circle):

Female

Male

2. Ethnic origin (check only one):
! White not Hispanic

! Asian or Pacific Islander

! Black not Hispanic

! Filipino

! Hispanic

! American Indian/Alaskan Native
! Other: ________________

3. Please circle the highest year of school completed:
1 2 3 4 5 6
(primary)

7 8 9 10 11 12
(high school)

13 14 15 16 17 18 19 20 21 22
(college/university)
(graduate school)

23+

4. Are you currently (check only one):
! Married

! Separated

! Single

! Divorced

! Widowed

5. Please indicate below which chronic condition(s) you have:
! Diabetes

Type of diabetes: __________________________________
Average blood glucose level: _________________________

! Asthma
! Emphysema or COPD
! Other lung disease
! Heart Disease

Type of lung disease: ____________________________

Type of heart disease: ______________________________

! Arthritis or other rheumatic disease
! Cancer

Specify type: ______________________

Type of cancer: _________________________________________

! Other chronic condition

Specify: __________________________________
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General Health
1. In general, would you say your health is :
(Circle one)
Excellent ………………………………..1
Very good ………………………………2
Good ……………………………………3
Fair ……………………………………..4
Poor …………………………………….5

Symptoms
How much time during the past 2 weeks …..
None of
the time

A little of
the time

Some of
the time

A good
amount of
the time

Most of
the time

All of the
time

Were you discouraged by
your health problems?

0

1

2

3

4

5

Were you fearful about your
future health?

0

1

2

3

4

5

Was your health a worry in
your life?

0

1

2

3

4

5

0

1

2

3

4

5

Were you frustrated by your
health problems?
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Confidence About Doing Things
For each of the following questions, please circle the number that corresponds with your
confidence that you can do tasks regularly at the present time.
How confident are you that you can ….
1. Keep any other symptoms of health problems you have from interfering with the things
you want to do?
not at all
totally
1
2
3
4
5
6
7
8
9
10
confident
confident
2. Do the different tasks and activities needed to mange your health condition so as to
reduce your need to see a doctor?
not at all
totally
1
2
3
4
5
6
7
8
9
10
confident
confident
3. Do things other than just taking medication to reduce how much your illness affects your
everyday life?
not at all
totally
1
2
3
4
5
6
7
8
9
10
confident
confident

Physical Activities
How much time during the past week, even if it was not a typical week for you, how much total time (for
the entire week) did you spend on each of the following? (Please circle one number for each question.)
None

Stretching or strengthening exercises
(range of motion, using weights, etc)

0

Less than
30 min/wk

1

30-60
min/wk

1-3 hrs/wk

More than
3 hrs/wk

2

3

4

Walk for exercise

0

1

2

3

4

Swimming or aquatic exercise

0

1

2

3

4

Bicycling (including stationary
exercise bikes)

0

1

2

3

4

Other aerobic exercise equipment
(Stairmaster, rowing, skiing
machine, etc)

0

1

2

3

4

0

1

2

3

4

Other aerobic exercise
Specify ____________
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Medical Care

1. When you visit your doctor, how do you do the following (please circle one number for
each question):
Never

Almost
never

Sometimes

Fairly
often

Very
often

Always

0

1

2

3

4

5

0

1

2

3

4

5

0

1

2

3

4

5

a. Prepare a list of
questions
for your doctor?
b. Ask questions
about the things you
want to know and
things you don’t
understand about your
treatment?
c. Discuss any
personal problems that
may be related to your
illness.

2. In the past 6 months, how many times did you visit a physician?
Do not include visits while in the hospital or the hospital emergency department.__
visits.
3. In the past 6 months, how many times did you go to
a hospital emergency department? ………………………__________________ visits.
4. In the past 6 months, how many TIMES were you hospitalized for one night or longer?
a. How many total NIGHTS did you spend in the hospital in the past 6 months?
b. Were any of these hospitalizations at a skilled nursing facility, convalescent
hospital, or other minimum care facility? (circle ) …………………………… Yes
No
5. Your primary method of Diabetes control is (check only one):
! Blood glucose monitor
! Medication
! None
! Blood Pressure

! Physical Activity

! Insulin/Pill

! Other: _______________________________
6.

Supplemental forms of Diabetes control are (check all that apply):
! Blood glucose monitor
! Medication
! Blood Pressure

! Physical Activity

! Other: _______________________________

! None
! Insulin/Pill
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7. Please provide a 3-day assessment of your blood glucose readings.
Date
Reading 1
Reading 2
Reading 3

Reading 4

Assessment of Daily Living
Circle the level of function for you as it relates to each activity.
Activities of Daily Living (ADL)
ADL Function

Bathing

Dressing

Toileting

Transferring bed/chair

Continence

Eating

Independent
(NO supervision, direction, or
personal assistance)

Dependent
(WITH supervision,
direction, personal
assistance, or total care)

Bathes self completely or needs Needs help batching more
help batching only a single part than one part of the body,
of the body
getting in or out of the tub
or shower. Requires total
bathing.
Gets clothes from closet and
Needs help with dressing
drawers and puts on clothes
self or needs to be
and outer garments complete
completely dressed.
with fasteners. May need help
tying shoes.
Goes to toilet, gets on and off,
arranges clothes, cleans genital
area without help.

Needs help transferring to
the toilet, cleaning self or
uses bedpan or commode.

Moves in and out of bed or
chair unassisted. Mechanical
transferring aides are accepted.

Needs help in moving
from bed to chair or
requires a complete
transfer.
Is partially or totally
incontinent of bowel or
bladder.
Needs partial or total help
with feeding or requires
parenteral feeding.

Exercises complete self control
over urination and defecation.
Gets food from plate into
mouth without help.
Preparation of food may be
done by another person.
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Circle the level of function for you as it relates to each activity.
Instrumental Activities of Daily Living (IADL)*
IADL
Function
Using the
phone/
looking up
numbers

Shopping
Cooking

Cooking

Housekeeping

Laundry

Transportatio
n

Operates
telephone on
own
initiative;
looks up and
dials
numbers
Takes care of
al shopping
needs
independentl
y
Plans,
prepares, and
serves
adequate
meals
independentl
y

Dials a few
well-known
numbers

Answers
telephone,
but does not
dial

Shops
independentl
y for small
purchases

Needs to be
Completely
accompanied unable to
on any
shop
shopping trip

Prepares
adequate
meals if
supplied with
ingredients

Needs to
have meals
prepared
and served

Maintains
house alone
with
occasion
assistance

Performs
light daily
tasks such as
dishwashing,
bed making

Needs help
with all
home
maintenanc
e

Does not
participate in
any
housekeepin
g tasks

Does
personal
laundry
completely

Launders
small items,
rinses socks,
stockings,
etc.
Arranges
own travel
via taxi, but
does not
otherwise use
public
transportatio

Heats and
serves
prepared
meals or
prepares
meals but
does not
maintain
adequate diet
Performs
light daily
tasks, but
cannot
maintain
acceptable
level of
cleanliness
All laundry
must be done
by others
Travels on
public
transportatio
n when
assisted or
with another

Travel
limited to
taxi or
automobile
with
assistance
of another

Does not
travel at all

Travels
independentl
y on public
transportatio
n or own car

Does not
use
telephone at
all
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Medication
Administratio
n

Financial
Abilities

Is
responsible
for taking
medication in
correct
dosages at
correct time
Manages
financial
matters
independentl
y

n
Takes
responsibility
if medication
is prepared in
advance in
separate
dosages
Manages
day-to-day
purchases,
but needs
help with
banking,
major
purchases

Is not
capable of
dispensing
own
medication
Incapable of
handing
money
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Diabetes Self- Management Questionnaire
Check the best answer for each question in relation to your diabetes self-care.
The following statements describe self-care
Applies
Applies
activities related to your diabetes. Thinking
to me
Applies to me a
about your self-care over the last 8 weeks, please to me
consider- to
specify the extent to which each statement
able
some
very
applies to you.
much
degree
degree
I check my blood sugar levels with care and
attention
The food I choose to eat makes it easy to achieve
optimal blood sugar levels
I keep all doctors’ appointments recommended for
my diabetes treatment
I take my diabetes medication (e.g. insulin, tablets)
as prescribed
Occasionally I eat lots of sweets or other foods rich
in carbohydrates
I record my blood sugar levels regularly (or analyze
the value chart with my blood glucose monitor)
I tend to avoid diabetes-related doctors’
appointments
I do regular physical activity to achieve optimal
blood sugar levels
I strictly follow the dietary recommendations given
by my doctor or diabetes specialist
I do not check my blood sugar levels frequently
enough as would be required for achieving good
blood glucose control
I avoid physical activity, although it would improve
my diabetes
I tend to forget to take or skip my diabetes
medications
Sometimes I have real food binges (not triggered by
hypoglycemia)
Regarding my diabetes care, I should see my
medical practitioners(s) more often
I tend to skip planned physical activity
My diabetes self-care is poor
Please check if blood sugar measurement is not required as part of your treatment
Please check if diabetes medication/insulin is not required as part of your treatment

Does
not
apply
to me

!
!
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Depression Screening
Circle the best answer for how you felt over the past week:
1. Are you basically satisfied with your life? YES / NO
2. Have you dropped many of your activities and interests? YES / NO
3. Do you feel that your life is empty? YES / NO
4. Do you often get bored? YES / NO
5. Are you in good spirits most of the time? YES / NO
6. Are you afraid that something bad is going to happen to you? YES / NO
7. Do you feel happy most of the time? YES / NO
8. Do you often feel helpless? YES / NO
9. Do you prefer to stay home, rather than going out and doing things? YES / NO
10. Do you feel you have more problems with memory than most? YES / NO
11. Do you think it is wonderful to be alive now? YES / NO
12. Do you feel pretty worthless the way you are now? YES / NO
13. Do you feel full of energy? YES / NO
14. Do you feel that your situation is hopeless? YES / NO
15. Do you think that most people are better off than you are? YES / NO

Thank you for your help!

